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ABSTRACT
Water quality and stream discharge were monitored at six sites on two
acogdoches County, Texas streams over a nine month period (March - ovember 1995).
Three sites were located in forested watersheds and the other three sites were downstream
of pastured watersheds surface-applied with poultry litter, a potential nonpoint source of
pollution. Stream water samples were analyzed for Ca, 1(, Mg, Na, 03- ,TKN, P04-P,
TP, TSS, pH, and dissolved oxygen. A rapid bioassessment was conducted to assess
aquatic life stream conditions.
Halfof the 273 stream samples had nitrate-nitrogen concentrations greater than
0.30 mg L'I high enough to support excessive aquatic plant growth, but were below the
USEPA drinking water standard (10.0 mg L'I). However, almost 90% of samples had
extremely low phosphate-phosphorus concentrations «0.008 mg L'I), which may act as
the limiting factor to prevent eutrophic conditions. Other parameters analyzed were
within standards recommended by state and federal agencies. Benthic macroinvertebrate
species intolerant of stressful conditions were plentiful, indicating good water quality in
these streams. Current land management practices appear to have no adverse effects on
water quality in the study watersheds.
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INTRODUCTIO
Water quality in East Texas streams, as in other regions, is increasingly vulnerable
to degradation as a result of ever increasing population. The population of the United
States is currently about 250 million, the result of an average growth rate of about 1.35%
per year since 1950, and is expected to exceed 330 million by 2040 (USFS, 1989;
USBOC, 1992, 1993). However, water usage trends for 1950-1990 (USGS, 1993a)
increased about 2-4% per year, a growth rate of2-3 times greater than that of population
growth. The current population ofTexas is about 17 million and is expected to double by
the year 2040 (TNRCC 1991; TWDB, 1990,1995). This steady increase of population
pressure on water demand makes it imperative that our water resources have quality
consistent with the standards required by state and federal laws.
Water pollution can be described as point sources and non-point sources. Point
sources of pollution have been substantially curtailed since passage of the Federal Water
Pollution Control Act Amendments of 1972, Public Law 92-500. However, non-point
sources (NPS) are still a major contributor to water pollution in this country (USFS, 1989;
Brown and Binkley, 1994). NPS pollution has been seriously addressed on a national
level with passage of amendments to PL 92-500 in 1977, 1979, 1980, 1981, 1983, 1987,
and 1994 (TNRCC. 1993a; USGS, 1993b). It requires that states repon biennially to the
nited tates Environmental Protection gency (USEPA) an assessment of the quality of
2the state's waters.
Nonpoint sources of water pollution are generally associated with land use
activities and storm runoff. Land application of poultry litter is an activity that may
adversely affect water quality. Texas is currently the sixth largest producer of broilers in
the United States. The majority of broilers in Texas are produced in nine counties, all but
one of which are in East Texas. The East Texas integrated poultry industry produces
about 90% of the broilers in Texas. Broiler production in East Texas nearly doubled
between 1970 and 1993 to about 322 million birds per year in East Texas (TDA,
1991,1993). It has been estimated that over 400 million broilers were produced in 1995
(Antosh, 1995).
A by-product of broiler production is litter. Litter is a mixture offeces, bedding
material, and water. Major nutrient constituents of litter are N, P, K, Ca, and Mg (Brown,
1992). Increased poultry production has resulted in an increase in litter accwnulations.
Approximately 910 metric tons of litter is produced per 1 million birds per year (Young,
1995). On the basis of 1995 broiler production estimates, there will be about 364,000
metric tons of litter produced in Texas this year. Typical disposal practice includes land
application of poultry litter to pastureland as a fertilizer supplement for hay production.
Consequently, long-term application of litter can increase nutrient concentrations in the
soil. Concern has been raised at the TNRCC about the potential contribution of
land-applied poultry litter as a non-point source of pollution in East Texas streams.
Increased concentrations of nutrient elements such as those found in broiler litter can
3cause eutrophic conditions in streams and lakes.
Algal blooms resulting from eutrophic conditions produce discolored, rancid
waters that are undesirable for most purposes. While moderate levels of algae in streams
and lakes are beneficial to fish as a source of food and cover, excessive amounts will lower
dissolved oxygen concentrations that impair survivability offish and reduce the benthic
macroinvertebrate population upon which fish are dependent as a food source. Future
land management planning must include monitoring and assessing water quality conditions
in streams that receive runoff from pasturelands applied with poultry litter. Such
monitoring and assessment are essential in the abatement of non-point pollution as
required by PL 92-500 and its amendments
The Texas Legislature passed the Texas Clean Rivers Act as Senate Bill 818 in
1991. It requires that water quality be determined for every watershed in Texas and that
the Texas atural Resource and Conservation Commission (TNRCC) be responsible for a
status report to the Governor, Lieutenant Governor, and Speaker of the Texas House of
Representatives in even-numbered years. In response to this directive, the TNRCC
developed the Texas Clean Rivers Program It states:
The goal of the program is to maintain and improve the quality of water
resources within each river basin in Texas through an ongoing partnership
involYing the TNRCC, other agencies, river authorities, regional entities
local governments, industry, and citizens. The program will use a
watershed management approach to identify and evaluate water quality
issues, establish priorities for corrective action, and work to implement
those actions (TNRCC, 1991).
4Water quality data from two East Texas streams were collected by Stephen F.
Austin State University and the Angelina and eches River Authority (ANRA) as part of a
pilot project under the Texas Clean Rivers Program, known as the Poultry Litter Land
Application Rate Study (PLLARS). In compliance with §§320.1-320.9 of the Texas
Clean Rivers Program Rules, these collected data will be provided to the TNRCC for
inclusion in its reports to the Governor and the USEPA. Data collected and evaluated as
presented in this thesis are part of the pilot project. There were no similar historical water
quality data in existence for these two streams; they are essential in pIarming for the
management and abatement of non-point pollution in East Texas.
OBJECTIVES
The objectives of this study were to: (1) monitor general water quality conditions
in streams of East Texas, (2) evaluate the effects ofland use (forest versus pasture with
poultry litter application) on water quality, (3) detennme the correlation between water
quality parameters and stream discharge in the study streams, (4) predict concentration
and losses of those water quality parameters in East Texas streams, and (5) conduct a
rapid bioassessment of the benthic macroinvertebrate community for the water quality
condition of the study streams.
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LITERATURE REVIEW
Water Quality of the ation and Texas
umerous reports (Canby, 1980' Chesters and Schierow, 1985; Meyers et aI,
1985; Smith et al, 1987; USEPA, 1988: USFS. 1989' Binkley and Brown, 1993; Cooper,
1993; Parfit, 1993; USGS, 1993b; Brown and Binkley, 1994; Daniel et ai, 1994; Aumen et
ai, 1995; Doskey et ai, 1995) have identified nonpoint sources as the major contributor
preventing the United States from meeting national water quality goals as stated in PL
92-500 and its subsequent amendments. Among the nonpoint sources having the most
impact on water quality are agriculture, silviculture, mining, construction, and urban land
uses. Agriculture is consistently cited as the largest single contributor to nonpoint source
pollution of streams and rivers.
Eutrophication is the excessive growth ofaquatic plant life in water bodies and is a
major water quality concern associated with nonpoint source pollution. Decay of dead
plant material can further reduce water quality for human use as well as degrading aquatic
animal habitat. The primary constituents associated with excessive plant growth, and
thereb eutrophic conditions, are nitrogen and phosphorus (Wetze~ 1983; Sharpley and
Menze~ 1987; Edwards and Danie~ 1992; Watson and Burnett, 1993; Daniel et ai, 1994).
itrogen and phosphorus are primary constituents of broiler litter. Approximately 14
6
7million tons ofpouhry litter and manure was produced in the U.S. in 1990,68% of which
was broiler litter. About 90% of the poultry wastes produced are applied to agricultural
lands (Moore et at, 1995). Nitrogen and phosphorus enter aquatic systems in runoff from
pasture and crop lands treated with fertilizers and animal wastes in solution, as
particulates, and in sediment loads. Phosphorus availability in soils is commonly low,
usually only 10-25% that of nitrogen, most of which is unavailable for plant uptake
(Brady, 1990). Daniel et al (1994) indicate that hay crops typically require more nitrogen
than phosphorus. However, animal wastes provide a lower :P ratio than hay crops
require. When nutrient levels are low, farmers commonly apply animal wastes at a rate
which meets the nitrogen needs of the crop or even higher when disposal is the objective.
In doing so, N and P levels are elevated beyond the needs of the crop and excess is
vulnerable to loss in runoff. Phosphorus is assumed to accwnulate in the soil through
adsorption and formation of insoluble precipitates. With continuous application ofanimal
wastes, capacity of soils to adsorb P is reduced and the soil becomes P saturated, therefore
increasing potential for Pin runoff water (Reddy et at, 1978; Sharpley et at, 1993; Moore
et al, 1995).
Controlling phosphorus in streams and lakes is most important because it is
commonly the limiting factor controlling aquatic plant growth (Wendt and Corey 1980).
In pasture lands, sedimentation is usually reduced by grass cover and most of the P leaves
the site in the dissolved form ofP04, becoming immediately available to plants. itrogen
enters the stream system from atmospheric contributions and from runoff which picks up
8nitrogen compounds contained in soils and land-applied amendments (Sharpley and
Menze~ 1987; Edwards and Danie~ 1992; Daniel et al, 1994; Moore et al, 1995).
Sediment is important due to it's ability to reduce light penetration for
photosynthetic plants (which results in reduced dissolved oxygen content), cover benthic
organisms, reduce fish spawning habitat, carry nutrients and heavy metals, increase filling
ofchannels and lakes, and reduce drinkability (Brooks et al, 1991). Concentration of
soluble P in runoff significantly increases with sediment concentration, and runoff
sediment P concentrations can be 2-9 times higher than those in soil (Duffy et al, 1978).
Quantities of phosphorus are usually reduced as streams carry their loads to lakes due to
dilution and sediment deposition, but remaining P will become more plant available with
time as chemical and physical actions occur. Particulate and sediment bound forms ofP
become slowly available in streams and lakes and may present a long tenn contribution to
eutrophication (Sharpley and Menze~ 1987; Sharpley and Smith, 1992; Sharpley et al,
1992; Daniel et al, 1994).
Omemik (1977) prepared a report based on data collected between 1972 and 1975
for the National Eutrophication Survey from 928 watersheds nationwide having only
nonpoint sources of both inorganic and organic forms of nitrogen and phosphorus. His
report provides information on the relationship between stream water quality and
watershed land use for various regions of the country. He found that forested watersheds
ha e the lowest nutrient concentrations and nutrient losses compared to other land uses.
utrient concentrations were proportional to percent of watershed used as agriculture.
9Watersheds in the west had about double the mean annual phosphorus concentrations as
those in the east. However, inorganic nitrogen concentrations were higher in streams in
the east than in western watersheds. Among agricultural watersheds, those located in the
midwest had the highest concentration of total and inorganic fonns of nitrogen. 0
relationship was found between geology and nitrogen and phosphorus in the streams.
Apparently, geology is not a macro-characteristic affecting stream nutrient concentration
based on this NES data and geologic classification, but he does not rule out geology as a
possible factor in stream nutrient loads or concentrations.
The United States Geological Survey (USGS) has been collecting information on
streams since 1879. It's first water quality analyses were started in 1905. However, their
efforts were focused on about 150 streams in the United States until the 1960's and 1970's
when 400-500 monitoring stations were added across the nation on major streams (USGS,
1993b). However, there are about 2 million streams and rivers in the United States
(Ward, 1995). Since passage of the Water Quality Act in 1965 and PL 92-500 in 1972,
more attention has been focused on water quality. While detailed information on specific
river basins exist, there is limited data for a nationwide assessment. Cooperation with
other federal and state agencies will provide more comprehensive water quality data for
the future. The most recent summary of water quality for the United States (USGS,
1993b) covers years 1980-1989. It indicates the percentage ofstreams having
concentrations of colifonn bacteria and total phosphorus greater than acceptable levels
decreased during the 1980's; however, more than 30% of streams sampled in 1989 still
10
had concentrations that exceeded acceptable levels. Other parameters analyzed either
remained constant or decreased slightly, which is a welcomed reversal to the trend of
increasing concentrations during the 1970's.
Regional assessment reports indicate that nutrients and bacteria from both point
and nonpoint sources of pollution are the most widespread water quality concerns in
Texas. Findings from more than 700 sampling sites show considerable improvement in
point source efiluent quality over the past 20 years, however, nonpoint sources are still a
significant contributor to quality impairment (USGS, 1993b' TNRCC, 1994). More
studies are needed to evaluate the impacts to water quality by nonpoint nutrients and
devise uniform nationwide water quality standards to improve implementation of
watershed best management practices (Zublena, 1995).
Undisturbed Forested Watersheds
Forested watersheds have been found to produce the nation's best water quality
(Meyers et al, 1985; USGS 1993b; Brown and Binkley, 1994). Stream water from
undisturbed forested watersheds typically have lower concentrations of suspended
sediments and nutrient constituents as compared to watersheds with other land uses
(Brooks et al, 1991). Transport of particulate sediments are reduced due to protection of
soil bed by root systems and vegetative cover. Consumption of nutrient constituents by
vegetative growth also reduces nutrient availability for transport. Brooks et al (1991)
11
reported mean concentrations of forested watersheds in the eastern United States to have
0.95,0.23 0.014,0.006, and 10-20 mg L'I for total nitrogen, N03, total P, P04, and
suspended sediments, respectively. Chang (1982) states that leaves and branches of trees
and understory vegetation effectively intercept raindrops and reduce their velocity, which
reduces raindrop impact and soil detachment. Most sediment loss occurs on bare
unprotected soils and that 1.2 cm of litter depth is required to effectively prevent soil
erosion, which is produced by full stands of either hardwood or coniferous trees.
Schreiber et al (1976) studied nutrient losses in five small pine forested watersheds
in western Mississippi during the 1973 water year. They found that mean nutrient
concentrations of the five watersheds were 0.71,0.01,1.74,0.88, and 1.03 mg L-t, and
mean nutrient losses were 0.32,0.04,6.21,3.05, and 2.78 kg ha· l for 03- P04-P, Ca,
Mg, and ~ respectively. Their study showed that nutrient losses linearly increased with
storm flow.
Based on the national eutrophication survey (NES) data, Omernik (1977)
concluded that mean concentrations of total phosphorus and total nitrogen in streams
draining agricultural watersheds were about nine times higher than in those draining
forested watersheds. Specifically, streams in forested watersheds have mean total
phosphorus concentrations of0.018 mg L-1, while streams in agricultural watersheds have
0.161 mg L'I. Concentrations ofP04 were 0.009 and 0.071 mg L'I for forested and
agricultural watersheds, respectively. Total nitrogen concentrations in forested streams
ere 0.598 mg L'!, while concentrations in agricultural watersheds were 5.354 mg L-1•
12
Inorganic forms were 0.108 mg L't in forested streams and 4.233 mg L't in agricultural
watersheds.
Beasley (1979) studied the effects of three silvicultural methods on sediment losses
in four small, sandy loam watersheds in northern Mississippi during water years 1976 and
1977. Watershed slope gradients ranged from 30 to 50 percent. The first year (1976), he
found that the 0.8 ha undisturbed forested control watershed produced an annual sediment
loss of 0.62 tons ha-t, of which 90 % was due to one stonn event in March. Sediment
losses from the managed watersheds were between 1925 and 2200 % more than losses on
the undisturbed watershed. During the second year (1977), the managed watersheds
produced annual sediment losses between 1925 and 4950 % more than the undisturbed
watershed, which had a concentration of 0.11 tons ha-I. Most of the sediment was
scoured from within the stream channel as a result of increased stonnflow volumes and
flow rates, which were greatly reduced on the undisturbed watershed. The main source
of stream sediment from watersheds with permanent vegetative cover is streambank
erosion (Sharpley and Menze~ 1987). Mean annual sediment losses from small
undisturbed forested watersheds in southeastern Arkansas, between 1981 and 1985, were
33 kg ha'i and mean sediment concentration was 41 mg L't (Beasley and Granillo, 1988).
Hewlett (1979) studied the effects of forest harvesting on stream water quality
between 1973 and 1978. During baseflow periods, the control forested watershed had
mean concentrations of 0.12 mg L't 03- 0.38 mg L'I total P, 1.62 mg L'I K, 5.77 mg
L-t a, 5.98 mg L'l Ca, and 2.63 mg L-I Mg. During stann events those concentrations
13
decreased, except for total P, to 0.08 rug L- t N03-N, 1.29 mg L·
t K, 4.04 mg L·l a, 3.84
mg L· l Ca, and 1.8 mg L- t Mg. Mean concentration of total P increased to 0.50 mg L· t in
stormflows due to the increase in sediment particles. Mean total Kjeldahl nitrogen was 3.0
mg L-1 for baseflow and stormflow.
Chang et al (1983) studied water quality conditions in eight small watersheds in
forested East Texas between 1977 and 1980. Mean element yields for nitrate-nitrite
nitrogen (NNN), total Kjeldahl nitrogen (TKN), total phosphorus (TP), chloride (Cill.),
and total suspended sediments (TSS) were 1.43,21.96,3.09,50.11, and 90.39 kg ha·1 yr-t,
respectively. It was concluded that water flowing from watersheds with higher percentage
of forest area have less concentrations ofTSS and nutrient constituents than from
pastureland watersheds. Concentration ofall parameters increased as the percentage of
pasture land increased. However, none of the parameters exceeded EPA standards for
water quality, except total phosphorus, which exceeded the standards in all eight
watersheds. They found a strong correlation between TSS and TP, suggesting
phosphorus is entering the streams with sediment particles and particulate organic matter
from grazing cattle and poultry operations.
Losses ofnine nutrient elements were also studied under six forest-site conditions
(i.e., undisturbed forest, thinned forest, clearcut without site preparation, clearcut and
chopped, clearcut and sheared, and cultivated) in East Texas between 1980 and 1981
(Muda et at, 1989). Based on 23 runoffproducing storms, total losses of the nine nutrient
elements in surface and subsurface plot-watersheds were 2.33, 8.57, 18.18, 21.33 70.58,
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and 46.65 kg ha- I , in the same order mentioned above. Losses from the cultivated plots
were as much as 20 times greater than those fun the forested plots.
ine small forested watersheds were studied by Blackburn et al (1986) in
Cherokee County in East Texas to determine the effects of silvicultural treatments on
sediment losses. All nine watersheds were monitored in the spring of 1980 for six months
prior to treatments. Average annual sediment concentration for the nine watersheds was
629 mg L-1 during the pretreatment period. However, stonnflow during the six month
pretreatment period was 37 % higher than the largest annual streamflow during the
posttreatment period of 1981-1984. One single storm event in May 1980 was responsible
for 98 % of the sediment loss during the pretreatment period. Three of the nine
watersheds remained undisturbed during the posttreatment period. Average annual
sediment concentration for the undisturbed watersheds during the posttreatment period
was 76 mg L-\ while mean concentration for sheared and windrowed watersheds was 668
mg L-1• Roller chopped watersheds had lower mean concentrations of sediment (29 mg
L·1) due to increased slash and organic matter, which reduced raindrop impact and
sediment traDsport, and allowed for increased water storage in furrows created by the
chopping operation.
Water quality as affected by land use was analyzed and reported in the" ational
Summary ofConditions and Trends in Stream Water Quality" for water years 1980-1989
(USGS, 1993b). The results showed that less than 3% of the monitoring stations had a
TSS concentration greater than 500 ppm in forested areas, while as many as 20% of
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stations in agricuhure/urban areas exceeded that level. Less than 5% of the monitoring
stations had N03 concentrations greater than 1.0 mg L- t in forested areas, while 30-45%
of agriculture/urban stations exceeded that level. Fewer than 25% of the monitoring
stations had total phosphorus concentrations higher than 0.1 mg L-1 in forested areas,
while between 50 and 80% ofagriculture/urban stations exceeded that level.
Pastureland Watersheds Receiving Land-Applied Wastes
umerous studies have been conducted to examine the effects on watersheds by
land application ofanimal wastes. Most of these studies are conducted using experimental
plots with controlled conditions. After a thorough search of the literature, only a few
studies examined the impact ofanimal wastes on stream water quality and only two
studies (Edwards, 1989; Edwards and Danie~ 1994) addressed specifically the impact of
land application of broiler litter on stream water quality. Several studies are either
currently underway or have been completed with results not yet published. Steele (1991)
and Edwards and Daniel (1992) state that very few field-scale studies have been
conducted to assess the impact to aquatic systems by land application ofanimal wastes
and more studies are needed to improve our ability to form and implement management
strategies.
Ongoing Studies and Pending Reports
SFASU PLLARS staff are concluding a surface plot study to determine the effects
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of varying rates of broiler litter application on nutrient losses in overland flow (SFASU,
1995). The study is a pilot project of the Texas Clean Rivers Program, known as the
Poultry Litter Land Application Rate Study (PLLARS). Final report is scheduled for
release in August, 1996.
A cooperative research project is underway in Camp County, Texas to compare
nutrients between broiler litter and commercial fertilizer using various rates on plots, study
crop yields between the application of litter and commercial fertilizer, determine affects of
filter strips on water quality, and evaluate economic benefits of land application of broiler
litter (Gottschalk, 1995). Cooperating agencies of the study include USDA atural
Resource Conservation Service, Texas State Soil and Water Conservation Board, Texas
Agricultural Extension Service, Sulphur Cypress Soil and Water Conservation District,
and Pilgrim's Pride Corporation.
Tarleton State University is preparing a report regarding the Upper Bosque River
study mentioned later in this report. It will be in addition to reports previously released
by Tarleton (Hauck, 1995).
Litter Analysis
Poultry manure has long been a valuable soil amendment for plant nutrients needs
and most are available in broiler litter (Hileman, 1967). Edwards and Daniel (1992,
1993a, 1993b) describe litter as being a combination of bedding material and manure. The
bedding material is usually sawdust, wood shavings, wheat straw, peanut hulls, rice hulls
or a combination of these materials. Results of nutrient content analysis of broiler litter
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conducted in various studies are summarized in Table 1.
Table 1. Swnmary of broiler litter major constituents (%) in four different studies.
Edwards & Edwards & Edwards & Brown,
Element Daniel 1992 Daniel 1993a Daniel 1994a 1992
~O 24.50 18.50 19.40 31.42
C 37.60 fA fA fA
Total 04.08 03.55 03.87 03.45
Organic 04.10 fA fA fA
NH3- 00.26 00.29 00.35 fA
03- 00.02 00.02 00.026 fA
Total P 01.43 00.88 01.50 02.09
Ortho P 00.49 fA fA fA
K 02.07 02.04 02.98 02.80
CI 01.27 fA fA fA
Ca 01.40 NfA fA 00.66
Mg 00.31 fA NfA 00.59
a 00.33 fA fA fA
Fe 00.03 00.01 00.008 00.002
Cu 00.006 00.05 00.044 00.001
Mn 00.03 NfA NfA 00.0004
As 00.002 fA fA fA
Zn 00.02 fA fA 00.0005
Edwards and Daniel (1992) compiled litter constituent data from numerous studies
conducted between 1959 and 1987. They analyzed litter collected from a single broiler
house in Arkansas in 1991 (Edwards and Danie~ 1993a) and another house in 1992
(Edwards and Danie~ 1994a). Brown (1992) analyzed 122 litter samples from 61 broiler
houses in East Texas in 1990. Edwards and Daniel (1992) and Brown (1992) found that
nutrient content of litter varies with method ofanalysis, method of expression, moisture
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content, bedding material, and broiler diet. However, Edwards and Daniel (1992) states
that no study has been conducted to specifically address the correlation of those or other
factors to litter quantity or quality.
Stream Studies
One of the earliest studies conducted to determine the effects ofanirnal wastes on
stream water quality was by researchers at North Carolina State University (Robbins et al,
1971) through a grant from the U.S. Environmental Protection Agency. They studied
streams impacted by swine, cattle, and poultry wastes in 1969-1970 and found that the
best technique available for disposal of wastes was land application. When best
management practices (ie: buffer strips, no waste in waterways or drainage paths, even
application, proper timing and rate ofapplication, low erosion areas, low slopes) are in
conjunction with land application of poultry wastes, negligible impact on water quality
was observed. Even when wastes were land-applied under poor conditions, resulting
pollution was small compared to the potential ofconcentrated poultry wastes.
However, Ackerman and Taylor (1995) reported on three case studies investigated
by the Illinois Environmental Protection Agency (!EPA), one of which involved land
application of swine manure on a 24 ha field in the winter of 1992-1993. Frozen ground
facilitated waste transport offsite and caused severe contamination ofa 0.4 ha pond and its
receiving stream. Improper timing ofapplication resulted in a fishkill and raised ammonia
and BOD levels as far as two miles downstream
Edwards (1989) conducted a study in a small (1.6 ha) watershed applied with
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poultry manure in northwestern Arkansas. This was an edge-of-field study rather than a
stream sampling study in which runoff samples were collected prior to entering stream
channels. Results showed that nutrient concentrations in nmoff from the field were
significantly increased by the application of manure. However, he suggests no clear
correlation can be made between edge-of-field nmoff concentrations and downstream
water quality without conducting further studies downstream.
In response to that need, Edwards et al (1 994a) conducted a study in the Lincoln
Lake watershed near Lincoln in northwestern Arkansas. Significant amounts of cattle and
poultry manure is land-applied within the watershed annually. The study detennined the
effects of implementation of best management practices within the watershed on water
quality in two streams entering Lincoln Lake. BMP's in the study area included managing
manure application rates to meet plant nutrient requirements, installation ofdead bird
composters, and waste storage facilities. Monitoring sites were installed in the upper and
lower portions of the watershed on Moores Creek and Beatty Branch. Samples were
collected every two weeks as well as for storm events between 1991 and 1994. They
found that nitrogen and COD concentrations were reduced over the monitoring period as
a result ofBMP activities in the area. There was no change in phosphorus or fecal
bacteria concentrations during the study period as compared to the period prior to BMP
implementation.
However, collection sites were also installed in four fields in the upper watershed
and runoff samples were collected after storm events during the same period. The results
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showed significant decreases in P concentrations in runoff water during the monitoring
period on fields which were managed to meet phosphorus needs of the grass crop. Fields
managed for nitrogen as the limiting nutrient showed no change in P concentrations during
the study period as compared to the period prior to BMP implementation.
Researchers at Tarleton State University in Stephenville, Texas (Hauck et ai,
1994) conducted a paired watershed study to determine water quality within the North
Bosque River basin in orth Central Texas between 1990 and 1993 where wastes from
numerous dairy operations was entering streams. In high impact areas where
approximately 30% of the watershed was used for dairy operations, they found total
phosphorus (TP) concentrations ranging between 0.02-2.97 mg L·1 with a mean of 0.72
mg L· l . Orthophosphate-P concentrations ranged between 0.01 and 1.33 rng L-! with an
average of 0.52 mg L-1• Nitrate-nitrogen concentrations of 0.01-13.0 mg L·1 with a mean
of 1.14 mg L-) were found. In the watershed with no dairy operations, concentrations of
TP, P04, and N03- were 0.02-1.05 mg L-t, 0.01-0.25 mg L't, and 0.01-2.07 mg L-t,
respectively (Hauck et al, 1994).
Correll et al (1995) studied three Rhode River sub-watersheds within the
Chesapeake Bay basin between 1977 and 1993 to compare water quality from cropland,
pasture, and forested watersheds. Forty seven other watersheds within the Chesapeake
Bay basin were monitored between 1992 and 1993. They found that pasturelands,
whether fertilized or not, have higher losses of nutrients than forested watersheds.
Among the 47 watersheds studied, the mean annual nitrate concentration for pasture
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watersheds was 7.99 mg L'\ while orthophosphate was 0.055 mg L,t. Forested
watersheds had considerably less concentrations with 0.54 mg L,t NO) and 0.006 mg L,t
P04 • Similar results were obtained during the earlier study on the Rhode River with 0.65
kg ha,l yr'! NO) lost from pastureland and 0.14 kg ha,l yr'l NO) from the forested
watershed. Phosphate losses were 0.20 kg ha- l yr,l from pastureland and 0.18 kg ha,l yr,l
from forestland.
Aumen et al (1995) reviewed various reports on monitoring efforts by the South
Florida Water Management District since 1973 regarding the eutrophication of Lake
Okeechobee. The areas surrounding Lake Okeechobee are used extensively for
agricultural practices, predominantly dairy and beef cattle farming. In the 1970's and early
1980's, wastes from these operations entering Lake Okeechobee had caused P loadings to
exceed 500 tons yr,l. Such extensive P loading over the years apparently caused Lake
Okeechobee to go from P to N limitation. Resulting algal blooms in the mid-1980's
covered as much as 42% of the lake's surface. Subsequent implementation ofBMP's
required by water quality rules and acts passed by the State ofFlorida in the late 1980's
has resulted in dramatic reduction ofnutrient loading in the Kissimee River-Lake
Okeechobee-Everglades ecosystem. However, loadings still exceed established limits,
partly due to the affinity ofP to sediments and it's long tenn slow release potential.
Critical Levels for Nitrate and Phosphate
Sawyer (1947) and Vollenweider (1968) suggested that 0.01 mg L,t is the critical
level of phosphate phosphorus that causes excessive plant growth in waters. Numerous
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authors (Likens, 1972; OECD, 1982; Wetze4 1983; USEPA, 1986; Sharpley and Menzel,
1987; Harper, 1992; and Daniel et al, 1994) have cited these two studies as the basis to
limit phosphorus concentrations. In more recent works, Sawyer (1970) and Vollenweider
and Kerekes (1980) increased their earlier criticaIlevels slightly to 0.02 mg L-! and 0.025
mg L-!, respectively (Likens, 1972 and Wetze4 1983). These critical levels are suggested
for standing waters such as lakes and reservoirs. The USEPA (1986) has suggested that
0.10 mg L-! PO.-p is an appropriate critical level for moving stream waters and
recommends 0.025 mg Lo\ in lakes and reservoirs.
The critical level of 03-N for eutrophication has been reported to be about 0.30
mg Lo1• Several authors (Likens, 1972; Wetze4 1983; Harper, 1992; and Daniel et ai,
1994) have cited Sawyer (1947) and Vollenweider (1968) who report that excessive plant
growth can occur when N03-N concentrations exceed this critical level. The USEPA
(1986) only refers to a limit for safe drinking water (10.0 mg LO!) and makes no mention
about nitrate nitrogen levels that affect plant growth.
These reports suggest that these two nutrient compounds in water are the major
factors involved in causing eutrophic conditions. Plant growth will not become excessive
ifone of these two are limited.
Field, Plot, and Laboratory Studies
Sharpley et al (1992) studied bioavailability of phosphorus (BAP) on small
watersheds in northern Texas and Oklahoma. They found that as vegetative cover
improved, particulate P (PP) was reduced in runoff. Runoff from grassed watersheds had
23
significantly less amounts ofall forms ofP than tilled watersheds. Equations for
predicting BAP in runoff in soluble and particulate forms were developed (Sharpley and
Smi~ 1992) to improve management of lands receiving land-applied phosphorus and thus
protect receiving water bodies. They found that when BAP losses exceeded 100 g ha,l
yr'\ soluble and particulate forms ofBAP in runoff can be predicted accurately. Losses
below that level will have minimal environmental impact.
It has been assumed that particles of small size and suspended in solution are the
main contributors to bioavailable phosphorus. Huettl et al (1979) found a high correlation
coefficient (r = .98) ofbioavailability ofP between runoff samples treated with OH-Al
exchange resin and those having algae added to solution. Particles of <20J.llI1 were used to
represent the fraction carried in runoff, because larger particles tend to settle out of
suspension within 24 hours. They suggest the resin exchange method may be a good
estimator of short term algal availability ofP in runoff water.
In a similar study, Dorich et al (1980, 1984) studied algal availability of sediment
phosphorus in stream samples from Black Creek in northeastern Indiana. In a laboratory
experiment, they separated samples by aggregate size, sterilized the samples with y
radiation, and inoculated the samples with algal cells. Concentration of P was determined
immediately before and 2 weeks after inoculation. Algal availability was determined to be
the difference between before and after P concentrations. They found aggregate size had
no effect on P concentration or algal availability. About 90% of all sediment particles
were <20Jlm in size. However, larger aggregates were also composed of particles <20Jlm
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in size which contained algal available phosphorus. They suggest, therefore, that
consideration of particle size may not be needed in equations designed to predict transport
of bioavailable phosphorus.
Fate of phosphorus after long-term (12-35 years) land application of poultry litter
was studied in southeastern Oklahoma (Sharpley et al, 1993) on bermudagrass fields that
were treated with poultry litter and native grass fields that were untreated. Concentrations
ofP were in excess ofbermudagrass requirements in the surface 30 cm in treated soils and
no significant difference between treated and untreated soil were detected at depth below
30 cm. Nitrate concentrations were elevated on treated soils to 100 cm depth, while
elevated total and NH4-N were contained within the surface 20 cm. Since soils have a
limited capacity to sorb P and excess P has potential to be transported by runoff, it is
recommended that litter management be based on P needs and supplement needs with
commercial fertilizer to protect downstream receiving waters (Sharpley et al, 1993).
Edwards and Daniel (l993c) found increased 03- concentrations in swine
manure runoff as drying interval increased, but no other constituent was affected by drying
interval. Drying intervals of4, 7, and 14 days were allowed between simulated rain events
after manure application. Edwards et al (1994b) found that drying interval of pouhry litter
had no significant effect on concentration or total mass loss of any constituent in runoff
from fescue grass plots.
Edwards and Daniel (1993a; 1993b) fo und heavy rainfall occurring within 24 hours
after litter application on fescuegrass plots causes nutrient concentrations in runoff to be
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significantly higher from plots treated with poultry litter than from Wltreated plots and that
nutrient concentration increased linearly with litter application rate. Simulated rainfall was
applied at rates of 5 cm h- I and 10 cm h-I Wltil runoff occurred for 0.5 hours. However,
increased rainfall intensity was fOWld to decrease nutrient concentration as a result of
dilution, but additional runoff volume caused an increase in mass losses. Edwards et a1
(1994c) fOWld significant increases in TSS as rainfall intensity and liner application rate
were increased. They fOWld that material removed in runoff consisted of primarily broiler
manure with very little bedding material. Between 0.06 and 0.11 % ofapplied litter was
lost in runoff from rainfall of 5 cm h- I and 0.25-0.30% was lost during the 10 cm h-I
simulated rainfall. About 80% ofall lost litter occurs during the first post-application
rainfall event. TSS lost in runoff is significantly (p < 0.05) decreased with subsequent
post-application simulated rain events. Rainfull was simulated on treated and untreated
plots at intervals of4, 7, 14, 36, and 68 days after litter application. Litter present in
fWloff during the first two rainfall events was significantly higher from treated plots than
from untreated plots. Subsequent rain events showed no significant differences. Similar
results were obtained in a simulated rainfall study with dairy manure surface-applied to
plots in Wisconsin (Wendt and Corey, 1980). Also, a plot study with animal waste,
municipal sludge, and commercial fertilizer by Clemson University (McLeod and Hegg,
1984) showed that 80% ofN and 55% ofTP and TSS were lost during the first two rain
events after application.
Westennan and Overcash (1980) conducted a plot study in onh Carolina
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between 1975 and 1977. They found that as length of time between application and the
first rain event increased, pollution potential was reduced. Pollutants from swine and
poultry wastes were reduced by 90% within 3 days of application. This does not agree
with findings of Edwards and Daniel (1993b and 1993c) previously mentioned. Wolfet al
(1988) found that 37% of the total N in land-applied manure was lost to NH3 volatilization
after 11 days, but when the manure was incorporated into the soil only 1% was lost.
Nichols et al (1994) studied nutrient concentration and mass losses in runofffrom
litter treated fescuegrass plots in Arkansas. Poultry litter was incorporated into the soil by
rotary tillage to 2-3 cm depth. No significant (a. = 0.05) difference was found between
tilled and untilled plots in concentration of nutrients or mass losses in runoff when
simulated rainfall was applied seven days after litter application and tillage. Rainfall was
applied at 5 cm h-I and an average rainfall of 1.65 cm was required to produce runoff. No
significant difference in amount ofrainfall that produced runoffwas found between
incorporated and surface-applied plots. The results also indicated that only 1.3% of
applied total Nand 1.9% ofapplied total P were lost to runoff, regardless ofapplication
method (surface-applied or incorporated), and tillage may impair the ability of grass to
retain litter and soil particles.
Calcium, Magnesium, and Potassiwn are constituents ofbroiler litter that have
been paid little attention as compared to N and P with regards to their application effects
on soil and the stream environment. Jackson et al (1975) applied broiler litter to tall
fescue covered plots at rates 0[0,22.4,44.8,89.6 and 134.4 metric tons ha- l between
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1969 and 1971. Extremely high rates were used to approximate long tenn effects of land
application of broiler litter. They found that after two applications per year of broiler litter
at the highest rate (134.4 metric tons ha,l ) for two years, only about 20% of Ca was
leached from litter into the soil, while 99% ofK and 88% ofMg were leached out.
However, at 22.4 tons 00'1, 77% of the Ca was leached, while 97% of both K and Mg
were leached. They also found that highest yields of fescue grass were at 22.4 tons 00'1
and decreased with heavier applications, probably due to smothering effect. Typicalland
application in East Texas is about 7-11 metric tons 00') (3-5 tons ac,l ) of broiler litter
from one to three times per year (Young, 1995). Recommended application rate is about
10 metric tons ha,l yr,l incorporated into the soil (pope, 1991).
Kingery et al (1994) obtained similar results for K, Ca, and Mg from a study of
littered and nonlittered pastures in northern Alabama. Long-term (15-28 years)
applications of broiler litter increased N03-N levels in the soil at depth below 100 em and
increased soil P concentrations to six times that ofnonlittered soils in the surface 60 em,
which may lead to adverse effects in runoffwater.
Filter Strips
Westerman et al (1983) perfonned a nine-month study on the effects ofgrass
buffer strips on runoff water quality. Caged layer manure was continuously applied to
plots to assure high pollution potential. They found that most manure constituents were
removed within the buffer area closest to the application zone. Removal of pollutants
becomes less effective per unit length increase in the buffer zone. In other words, a wide
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buffer zone was not substantially more effective at pollutant removal than a narrow buffer
zone. To obtain water quality equal to non-treated plots, a buffer zone length equal to the
application area was required. Factors such as slope, infiltration rate, rainfall rate, and
vegetation type all determine the effectiveness of buffer strips. They suggested more
research is needed to identifY best buffer strip management.
Mikkelsen and Gilliam (1995) reported that vegetated filter strips (VFS),
commonly in the form of riparian vegetation along stream banks, are effective in reducing
contamination of stream water from land-applied wastes. Chaubey et al (1994) found in
an experimental plot study that a 3 meter fescue VFS removed 60-70% of nutrient
constituents of swine manure in runoff and that when extended to 21 meters, removal was
about 90% effective. However, effective removal ofTSS was not significant beyond 3
meters.
Rapid Bioassessment
Wetzel (1983) states that distribution of benthic animals in streams is very diverse
and they must adapt, move, or die in response to changes in habitat. Most benthic
organisms are not able to withstand severe reductions of dissolved oxygen, a parameter
commonly associated with organic pollution. Community diversity will change as those
that can not adapt to the imposed conditions die. Extreme reduction in oxygen levels can
result in a preponderance of oligochaetes to the exclusion of other oxygen dependent
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species. Lind (1985) defines macrobenthos as bottom dwelling aquatic organisms that can
be retained by a no. 30 U. S. Series sieve. He states that waters having low species
diversity often may indicate low water quality. Because of their relatively immobile
nature, they are unable to escape the effects of pollution, and therefore serve well as water
quality indicators. Needham and eed.ham (1962) have compiled a comprehensive
reference for identifying most common aquatic organisms. Their work will serve as
macroinvertebrate identification reference on this study.
The United States Environmental Protection Agency (USEPA) recommends the
use of rapid bioassessment techniques in conjunction with chemical analyses for
determining quality of lotic waters (platkin et at, 1989). Five protocols for evaluating
biological communities in streams and rivers have been developed by USEPA. Protocols I
(benthic) and IV (fish) are used as screening methods for determining level of habitat
impairment requiring minimal personnel, experience, time, and expense. Protocols II, In,
and V are increasingly comprehensive and quantitative assessments requiring greater
amounts of time and professional experience. This study will utilize methods consistent
with those recommended in Protocol I (plafkin et at, 1989) and Lind (1985).
Degraded habitat due to stress factors imposed on aquatic organisms may cause
less productivity, increased mortality, change the balance of species diversity, or
disappearance ofentire communities if stress conditions are excessive. Benthic organisms
and fish are the most common biologic parameters used to determine stress on aquatic
systems (Cooper, 1993). Excessive sedimentation, nutrient input, and presence of organic
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matter are some sources of aquatic stress factors. Cooper (1987) studied the effects of
sedimentation on benthic rnacroinvertebrate communities in a northwestern Mississippi
watershed between 1976 and 1978. Sedimentation rates were high, (as much as 7 cm
yrol), resulting in low taxa richness and diversity at most sites. Suspended sediment
concentrations commonly ranged between 100 and 400 mg Lo1• Species tolerant of
polluted conditions were dominant, while intolerant species were negatively affected by
stress conditions induced by sedimentation. Cooper and Burris (1984) concluded that
absence of certain species of bryzoans requiring low stress stream habitat may be used to
identify polluted water quality conditions. Pollution tolerant species were found in
downstream portions of the watershed where sedimentation rates were higher. Species
intolerant of polluted conditions were absent in the lower watershed, but were plentiful in
the upper watershed where sedimentation rates were lower.
Macrobenthos were studied in the lower Neches River estuary from 1984 to 1985
and compared to data collected from 1971 to 1972 (Harrel and Hall, 1991). Their
objective was to detennine the effects of pollution abatement on the macrobenthic
community. They reported the numbers of taxa found in 1984-1985 were more than
double those found in 1971-]972. Permitted BOD waste loads in the Neches River were
reduced 96% since the earlier study. Dredging of the channel in 1981 increased discharge,
thereby decreasing salt water intrusion, which allowed more freshwater species to live
further downstream. Dissolved oxygen contents were higher in the later study at all
stations due to decreased BOD waste loads and increased discharge from dredging. fore
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estuarine species were found at upstream stations in the later study due to increased tidal
action as a result ofdredging. Both estuarine and freshwater species increased at all
stations in the later study as a result of both dredging and reduced waste input.
elson and Roline (1993) studied the response of macroinvertebrates to zinc
concentrations in the Upper Arkansas River near Leadville, Colorado. Chemical analysis
showed zinc levels were very high in mine drainage from two conduits designed to remove
ground water interfering with mining operations. Macroinvertebrate sampling was
conducted at six sites along the Arkansas river in July and October between 1988 and
1992. Plentiful invertebrates of several taxa were found at the two control sites located
upstream of the mine drainage. The same taxa were found to be significantly less common
at four sampling sites located downstream ofthe mine drainage. The mayfly Rithrogena
bageni was found to respond negatively to the increase ofzinc concentrations. Chemical
analyses of water samples were performed at the time of invertebrate collection. R. bageni
was found to decrease in numbers with zinc concentrations. Significant increases in
numbers ofR. hageni were detected subsequent to water treatment plants being installed
at the two mine sites. There were no significant increases of R. hageni at the upstream
control sites for the study period 1988-1992.
Miles (1992) studied the benthic macroinvertebrate communities ofthree streams
10 acogdoches County, Texas between 1989 and 1990. LaNana Creek is impacted by
the urban area of Nacogdoches and agricultural activities in the upper watershed. Carrizo
and Tuscosso creeks have rural watersheds characterized by woodlands and pastureland.
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Sampling sites on LaNana Creek were located upstream and downstream of the
acogdoches urban area. The results showed that Carrizo and Tuscosso creeks had better
water quality than LaNana Creek. Chironomids and oligochaetes comprised the majority
of sampled benthos from all three creeks. However, LaNana had significantly higher
numbers ofoligochaetes than the other creeks, less numbers of pollution intolerant
species, and lower diversity, richness, and evenness values.
Robinson and Minshall (1995) conducted a rapid bioassessment on 60 streams
within the orthern Basin and Range and Snake River Plain ecoregions in southern Idaho.
Extensive open-range grazing of livestock is common in this region. Stream sites were
categorized as either grazed or non-grazed. Sampling was conducted according to
protocols III and V of the Rapid Bioassessment Protocols (Plafkin et al, 1989)
recommended by the U.S. Environmental Protection Agency. Streams were analyzed for
a wide variety of parameters including land use, nitrate, phosphorus, and turbidity. They
found grazed streams had reduced riparian cover, exposed stream banks, higher water
temperature, higher sediment concentration, and higher nutrient concentrations than
non-grazed streams. Benthic communities at these impaired sites consisted of
predominantly stress-tolerant species.
Kerans et al (1995) studied benthic macroinvertebrate samples collected from
streams of three sub-watersheds in the Tennessee Valley between 1990 and 1993. They
found that as land use and physiochemical conditions of streams became more indicative
of polluted conditions, quantity ofgood-water-quality-indicator benthos decreased on
33
watersheds of the same size. However, a larger watershed with worse land use and
physiochemical conditions produced about the same number of benthos as the watersheds
with better conditions. They suggested this was due to the diluting effect induced by
larger watersheds and the presence of springs.
Absence of benthic organisms should be considered an indicator of possible poor
water quality conditions. However, rapid bioassessment findings of abundant intolerant
macTobenthos alone should not be used to assume acceptable water quality conditions.
Biological investigations should be carried out in conjunction with appropriate chemical
analysis of stream samples for further verification ofwater quality. Rushin (1993) studied
two streams receiving high rates ofdairy farm wastes and commercial fertilizer in
ortheast Texas between March 1991 and February 1992. Extremely high
concentrations ofnitrate-nitrite (80-7530 Ilg L-1) and orthophosphate (0.40-26.9 mg L-1)
caused eutrophic conditions in both streams. Chlorophyll ~ concentrations indicated the
streams were at near bloom conditions during most of the study period. Despite these
seemingly high stress conditions, the waste and fertilizer imposed no adverse effect on
benthic macroinvertebrate communities in both streams. High species diversities of3.352
for Birch Creek and 3.808 for Running Creek indicated a low stress environment. More
than 60% of the total biomass from both streams was comprised oforganisms intolerant to
polluted conditions.
METHODS OF STUDY
This study was derived from a joint research project on poultry litter land
application rates and stream water quality in East Texas between SFASU and ANRA.
Site selection. material and equipment purchases, construction offacilities, installation and
calibration ofequipment, and preliminary data collection took place between August 1993
and March 1995. The Quality Assurance and Quality Control (QNQC) document
(SFASU, 1995) of the joint research project was approved by TNRCC in May 1995. Data
collection and analysis used for this study began in March 1995. Field and laboratory
practices were conducted in accordance with guidelines established in the document and
met standards set by the United States Environmental Protection Agency (USEPA).
Rapid bioassessment methods and materials used were consistent with those
recommended by the USEPA (PIatkin et al, 1989) and the TNRCC (l993b) and were
supplementary to requirements of the QAJQC document.
Study Watershed
Attoyac River Watershed
The Attoyac Ri er watershed covers approximately 1685 square km (650 square
miles) in portions of Nacogdoches, Rusk, San Augustine, and Shelby counties in East
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Texas (Figure I). It extends southward from near Mount Enterprise in Rusk County to its
confluence with the Angelina River in Sam Rayburn Reservoir. Approximately 42% of the
watershed is within acogdoches County. Physiographical composition of the watershed
is about 64% mixed pine-hardwood forest, 23% pastureland, and 13% crops, roads,
urban, and other (USSCS, 1994). Activities within the pastured areas include hay, cattle
and poultry production (Schmidt, 1995).
The Attoyac becomes a 6th order stream where it converges with the 5th order
Golondrina Creek just north of its intersection with U.S. Highway 59 near Garrison.
Two other 5th order streams, aconiche Creek near Martinsville and Big Iron Ore Creek
near Chireno, converge with the Attoyac River before its confluence with the Angelina
River.
Topography of the watershed is variable with flat flood plain areas along the river
to steep hilly terrain in the northern portions of the watershed. Elevations range from 67
m (220 feet) to 213 m (700 feet) above mean sea level (USNRCS 1995).
Geology of the watershed consists ofEocene Epoch sedimentary deposits.
Formations that outcrop within the watershed include portions of the Wilcox Group and
units of the Claiborne Group: Carrizo Sand, Reklaw Sand, Queen City Sand, Weches
Formation, and Sparta Sand (AAPG, 1973 and USNRCS, 1995). Weathering of these
formations have created numerous soil types within the watershed. Soils in the flood plain
areas of the watershed consist of sandy oamy alluvial deposits. Upland area soils range
from deep, well drained, loamy sands to sandy clay loarns. The major soil series found in
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the watershed include: Bowie, Cuthbert, Darco, Iuka, Lilbert, Kirvin, Marietta,
Mantachie, Nacogdoches, Sacul, Tonkawa, and Trawick (USSCS, 1980 and USNRCS,
1995).
The climate of acogdoches is mild with an average annual temperature of 18.7°C
(66°F), a mean summer temperature of27.2°C (81°F), a mean winter temperature of
9.5°C (49°F), average annual relative humidity of74%, an average of89 rain days per
year and 119 cm (47 inches) of mean annual rainfall (Chang et al, 1996).
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Figure 1. Map of sampling sites in the Attoyac River watershed in eastern
Texas. Watershed area equals 168,562 hectares (416,512 acres).
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Sampling Sites
Six sampling sites were selected on two stream channels, Waffelow Creek and
Terrapin Creek, within the Attoyac River watershed. They are located about 25 km east
of the city of Nacogdoches, Texas (Figure 1). Four study sites were on Waffelow Creek
and two on Terrapin Creek.
The six sampling sites were located on the channels as pairs, one forested and one
pastureland. Forested sites were located at points in the channel with predominantly
undisturbed mature forests upstream and are referred to as "A" sites. Sites in forested
areas preswnably receive no litter or commercial fertilizer and were considered controls of
the study. Pastureland sites were located downstream of "A" sites with predominantly
litter-applied pasture land upstream and are referred to as "B" sites. All of the "B" sites
had between 15 and 150 meters (50-500 feet) of unfertilized pasture and/or streamside
forested zones between the stream banks and the areas receiving fertilizer.
Round trip distance from the College of Forestry to all the sites is approximately
80 km (50 miles). Sites IA, IB, 2A, and 2B were on Waffelow Creek. Sites 3A and 3B
were on Terrapin Creek. Location and watershed area for each site are given in Table 2.
The pastured area upstream of site 1B on upper Waffelow Creek had litter applied
once about 30 years ago, but has received commercial fertilizer once or twice per year
since (personal communication with the land owner).
Broiler houses have been in operation in the immediate vicinity of stream
monitoring sites on lower Waffelow Creek since the late 1940's and many of the newest
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houses have been in operation since the late 1960's and early 1970's (personal
communication with land owners: Mr. Ray Armstrong, Mr. James Bennett, Mr. & Mrs.
George Burt, and Mr. Bill Story). Litter from those houses has been routinely
land-applied to hay meadows in the immediate vicinity of the houses since they've been in
operation. During the study period and for at least the previous 10 years, there were
about 20 broiler houses in the immediate vicinity of stream site 2B, the largest number of
houses near any of the six stream sites. Each house usually contained about 20,000 birds
at any given time (Young, 1995; personal communication with Mr. & Mrs. George Burt).
Five batches of birds each year equates to about 2,000,000 birds producing manure that
was land-applied in the immediate vicinity of the houses anually. Young (1995) estimates
about 0.90 kg of manure are produced per bird. Based on this estimate, approximately
1800 metric tons of litter per year was produced from these 20 houses and spread on
about 160 ha (400 acres) ofnearby pasture land. Approximately 45 percent ofthat
amount (810 metric tons) was spread annually on about 70 ha (175 acres) of pasture land
immediately upstream of site 28. That equates to about 11.6 metric tons per hectare per
year (5.1 tons acre,l year,I).
Many activities occur upstream ofsite 38 including: land-application ofpoulty
litter, cattle production, hay production, septic systems, and other activities associated
with the Martinsville community. Two major roadways, FM 95 and Highway 7, cross
Terrapin Creek immediately upstream of site 3B. Runoff, trash., and other debris from
these roadways, in addition to previously mentioned activities, impact water quality at
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stream site 3B.
Site selection was based on the following criteria:
1) Locations were in acogdoches County within the Attoyac River watershed.
2) Both an upstream site (A) of predominantly undisturbed forest land, and a
downstream site (B) of predominantly pasture land receiving surface
applications ofpoultry litter were available along a stream channel. Rates,
timing, and frequency of litter application was detennined by local fanners.
However, watershed 1B has not received litter in about 30 years. It has
received cormnercial fertilizer once or twice per year since.
3) Perennial stream flow.
4) Access to sites meets landowner approval.
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Table 2. Sampling site locations for study areas within the Attoyac River watershed in
eastern acogdoches County, Texas.
Stream
Site Channel
Watershed
Area (ha) Location
1A
18
Waffelow
Waffelow
235 Approximately 0.8 km northwest (upstream) of the
intersection of Waffelow Creek and FM 1878. Site is
accessible approximately 2 km north of FM 1878 at end
of County Road 255. Site is located approximately 1.8
km southeast via landowners private road.
265 FM 1878 bridge crossing at Waffelow Creek approximately
11.3 krn northwest of Loop 224, near Pisg~ Texas.
2A Waffelow 3820 Approximately 0.4 krn west (upstream) of intersection of
Waffelow Creek and County Road 234. Site is
accessible from CR 234 via landowners private road.
2B Waffelow 4130 Approximately 3.2 kIn west (upstream) of intersection of
Waffelow Creek and FM 95, approximately 8 krn north
ofMartinsville, Texas. Access to site is obtained 3.2 krn
west of intersection of FM 95 and CR 234 via land
owners private road.
3A Terrapin 3150 Approximately 1.6 kIn northwest (upstream) of intersection
of Terrapin Creek and State Highway 7 near
Martinsville, Texas. Access is obtained 0.8 kIn west of
the intersection of FM 95 and CR 242 at westerly
tennination point of CR 242 via landowners private
road.
38 Terrapin 4600 FM 95 bridge crossing at Terrapin Creek approximately 0.8
krn south of intersection of SH 7 and FM 95 at
Martinsville, Texas.
Weather Station Approximately 3.2 krn southwest ofsite 18 on FM1878.
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Instrumentation
Equipment
Equipment at each stream site consisted of an Iseo Model 3230 Bubbler Flow
Meter (flow meter) for determining water level and discharge, an Isco Model 3700
Portable Sampler (sampler) to automatically retrieve water samples, a Sears Diehard deep
cycle 12-volt marine battery power source, and a shelter to house the equipment (Figures
2 and 3). Each sampler contained 24 one liter polypropylene bottles for c-ollection of
water samples. Dissolved oxygen was taken in the field using an Orion Model 820
portable dissolved oxygen meter. Monitoring equipment at the weather station on FM
1878 (Figure 1) included a Belfort Model 5-780 Universal Recording Rain Gauge and a
Weathertronics Mode15020-A hygrothermograph for temperature and humidity data
collection. The hygrothermograph was installed in a shelter constructed to meet U.S.
ational Weather Service specifications.
Field Installation
Shelters and stream monitoring equipment were located within 6 meters of stream
banks. Bubbler and sampler vinyl tubing extended from the equipment through a 3.81 cm
P C pipe to the bottom stream center at each site. The end of the pipe was pointed
downstream and secured with an end cap to prevent sediment from entering the pipe.
ylon locking cable ties were used to attach the pipe and sampler tube (1.27 cm
O.D./0.95 em J.D.) to metal shelving guides that were driven into the stream bottom.
Sampler tubing exits the end of the pipe through a 1.3 em hole in the end cap. A stainless
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steel strainer was tightly inserted into the end of the sampler tube and was secured to the
shelving guides approximately 15 em downstream from the end cap so that it was
approximately 10 em above the stream bottom. Bubbler tubing (0.64 em O.D./0.32 em
I.D.) exited the pipe approximately 7 em before the end cap through a 0.65 em predri1led
hole and extended out of the hole approximately 2.54 em (Figure 4). All piping and
tubing was oriented downstream with the least resistant profile against stream current to
reduce damage and sediment accumulation.
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Figure 2. Stream site 3A on Terrapin Creek is typical of the equipment shelter at all six
stream sites.
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Figure 3. Equipment housed in each shelter includes an [sea 3230 flow meter (top), an
[sea 3700 automatic sampler and a Sears DieHard battery (bottom).
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Calibration and Programming
The flow meter was programmed to send a signal to the sampler to tum on and off
at a predetermined benchmark sampler enable depth. Samplers were automatically
enabled by the flow meter whenever stream levels increased above that predetermined
depth. Samples were automatically taken at preprogrammed discharge intervals once the
sampler was enabled and continued to do so until all the available bottles were full or the
stream level fell below the benchmark leve~ at which time the flow meter inhibits the
sampler. Each site has its own unique hydrologic conditions which were continually
changing and required regular monitoring. Programming of the flow meter and sampler
had to be adjusted as those conditions changed.
Baseline hydrologic data (stage-discharge relationship) for each site had to be
obtained prior to programming the equipment. Manual streamflow measurements were
made twice per week when possible beginning in August 1994 to determine discharge
rates at various stream depths for each site. A Gurley current meter was used to obtain
stream velocities. Discharge was determined by the following formula:
Q=AV (1)
Where,
Q = discharge (m3 sec'!) or 1000 L sec'!
A = cross-sectional area of stream (m2 ) = depth (m) x width (m)
V = velocity (m sec'l) = (number of current meter clicks sec'! x 0.2996) + 0.0122
The cross-sectional area ofeach stream channel was divided into sulrsections of
0.61 m (2 feet) widths each. Stream depth, area, and velocity measurements were made in
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Figure 4. Schematic ofsampic I' (llIti bubbler tubing attachment to stream bottOIll.
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each sub-section across the stream (Figure 5). Equation 1 was then used to calculate
discharge for each sub-section and summed to obtain total discharge of the stream
Bubbler tube depths were measured to be programmed with stream discharge (i.e.,
stage-discharge relationship) into the flow meter. The streamflow depth used to program
the stage-discharge relationship into the flowmeter was the depth of the bubbler tube
below the water surface. An internal air compressor forces air from the flow meter
through a 0.32 cm vinyl tube which was attached to the bottom of the stream Pressure
required to expel an air bubble from the end of the tube is directly proportional to stream
depth. An internal transducer measures that pressure and converts it to a depth reading.
The flow meter's internal computer uses a regression equation to calculate discharge for
any given depth based on the stage-discharge data points (Appendix A, Table AI) entered
into the flow meter (Isco, 1990). However, after the study period was complete, it was
determined that the flow meter requires many more stage-discharge data points than were
collected during this study to accurately estimate discharge. Therefore, those data points
(Table AI) were plotted graphically by computer to produce a stage-discharge curve for
each site. Depth readings recorded at the time ofcollection of each sample were located
on the appropriate curve to derive the discharge values used in this study (Appendixes A
and B, Tables A2 and B I-B 12). Manual depth measurements were performed to spot
check the performance and accuracy of the flow meters. The flow meters were found to
be extremely accurate for depth readings.
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Figure 5. Gurley current meter (top) and author taking stream velocity readings using the
current meter (bottom).
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Data Collection
Stream Water Sampling
Manual stream water samples were collected once per week at each site. Sample
bottles were capped, labeled with site identification and date, and placed in an ice chest for
delivery to the laboratory for analyses. Bottles removed were replaced with clean bottles.
Dissolved oxygen readings were taken in the stream at the time of collection for manual
samples only.
In addition to weekly manual samples, automatic samples were taken by the
sampler whenever the stream level reached a preprogrammed depth as described earlier.
Sites were inspected within 24 hours after a rain event and samples were collected if
samplers were initiated and samples were taken. Bottle munbers and sampling times of
water samples that were taken were stored in the flowmeter and could be downloaded to a
laptop computer via Isco Flowlink software. Those data and a stream hydrograpb could
be viewed on the laptop computer in the field. Samples retrieved from the sampler include
only those at the beginning of the hydrograph and near the peak of the hydrograph.
Limited laboratory staffrestricted retrieval ofmore samples for other stages of the
hydrograph. Sites that were inaccessible after a rain event due to flooding were revisited
and samples retrieved as soon as sites were accessible. Samples that remained uncollected
in the sampler for more than 48 hours were discarded due to expired holding times for
chemical analyses. Raingauge and hygrothennograph charts were collected once per week
at the weather station (Table 2) and data were transferred to computer files for analysis.
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Rapid Bioassessment
The benthic macroinvertebrate community was sampled by collecting bottom
sediment and coarse particulate organic matter samples at each stream site. Sampling was
conducted once in April and once in October 1995. Benthic macroinvertebrates are useful
to evaluate the quality of water which overlies the substrate in which they are present.
Their life cycles last one year and limited mobility prevents their escape from
environmental conditions in which they live. Certain species are tolerant of polluted or
stressful conditions while others are very intolerant. Lack of intolerant species may
indicate water quality conditions which have caused aquatic life impairment and further
investigation and analyses may be necessary to identifY causes of such impainnent (Platkin
et al, 1989).
Three samples using an Ekman dredge and three scoops with a one liter plastic
bottle were collected and combined to create one composite sample at each site. Various
locations within the stream channel at each site were randomly selected to assure diversity
of organisms including main channel bottoms, riftle areas, banks, and pools. Samples
were simultaneously passed through a series ofNo.10, 20, and 40 U.S.A. standard testing
sieves (manufactured by W. S. Tyler Company, Mentor, Ohio, and met A.S.T.M.E.-l1
specifications). Sieved samples were collected in one liter Nalgene polypropylene bottles
with screw caps. Approximately 200 ml of isopropyl alcohol was mixed with
approximately 600 ml of stream water for each sample for preservation. Samples were
labeled and transported to the laboratory for identification of benthic macroinvertebrates
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and other aquatic insects using a Bausch and Lomb 0.7x-3.0x dissecting microscope
where necessary. Names and quantities of each organism were recorded for each
sampling site. Water temperature and dissolved oxygen concentration were measured and
recorded simultaneously with benthos sample collection.
Laboratory Analyses
Stream water samples that were collected as described above were delivered to the
Soils Testing Laboratory in the Agriculture Building at Stephen F. Austin State University
for analyses of the following parameters:
Total suspended solids
Total Kjeldahl nitrogen
itrate-nitrogen
Orthophosphate phosphorus
Total phosphorus
Calcium
Magnesium
Potassium
Sodium
pH
Dissolved oxygen (performed in the field)
Analytical methods (Table 3) performed in the laboratory were approved by the USEPA
and follow guidelines established in Methods for Chemical Analysis of Water and Wastes
(USEPA, 1983), and Standard Methods for the Examination of Water and Wastewater
(APHA, 1992).
Samples were logged-in to the laboratory on a chain-of-custody sheet. Two 200
rnl unfiltered aliquots were removed from each one liter sample bottle and placed into
separate 500 ml algene polypropylene bottles, labeled, and acidified for preservation.
itric acid was added (1 ml L-I) to aliquots that were tested for total phosphorus. Sulfuric
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acid was added (1 mJ L-t) to aliquots tested for total Kjeldahl nitrogen. An Orion Model
420A meter was used to determine pH on the remaining 600 rnl ofunpreserved sample for
each sample bottle and then refrigerated until filtration was perfonned.
For determination of total suspended solids (TSS), unpreserved water samples of
between 100 and 300 ml, depending on turbidity of sample, was filtered through 0.45
micron glass filters. Filters were oven-dried before and after filtration at 105° C for 24
hours and weighed on an Ohaus Model TS 120S Precision Standard balance and the results
were reported in mg L-! as total suspended solids. Analyses for calciwn, magnesium,
potassiwn, sodiwn, nitrate, and orthophosphate were performed with unpreserved filtrate
from the TSS procedure. Remaining sample was used for duplication ofanalyses if
needed or discarded.
Blanks, duplicates, standards, and spikes were included with every batch of
samples that were analyzed in the laboratory to assure precision and accuracy in
procedures and equipment. No spikes were included for pH, DO, or TSS. No standard
was included for TSS.
Nitrate-nitrogen and phosphate-phosphorus were determined on the Dionex
DX500 ion chromatograph (IC). The IC detected each ion based on it's unique
conductivity and expressed the results in mg L-1 of nitrate (N03) and orthophosphate
(P04)' Those values were then multiplied by 0.226 and 0.326, respectively, and reported
as mg L-! of elemental nitrate-nitrogen and orthophosphate-phosphorus.
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Analytical Method Equipment References
Table 3. Analyses, methods, and equipment for testing water samples (SFASU, 1995).
Parameter
APHA (1992)
APHA (1992)
USEPA(1983)
USEPA( 1983)
APHA (1992)
4110B(IC)
4500-N<X'g B
Membrane Electrode Orion Model 820 USEPA(1983)
Portable DO Meter
Orion Model 420A
Vacuum Rack (OJ
Thermo Jarrell Ash
PolyScan 61 E Inductively
Coupled Plasma Spectrometer
Same as Ca APHA (1992)
Same as Ca APHA (1992)
Same as Ca APHA (1992)
Hot plate APHA (1992)
Same as Ca APHA (1992)
Dionex DX500 APHA (1992)
Ion Chromatograph
Same as Orthophosphate
Tecator Kjeltec System
Electrometric
Gravimetric
3120 B (ICP)
Same as Ca
Same as Ca
Same as Ca
4500-PB.3 (Digest)
& 3120 B (rCP)
4110 B (IC)
pH
TSS
Calcium
DissoIved Oxygen
Orthophosphate
Magnesium
Potassium
Sodium
Total Phosphorus
Nitrate
Total Kjeldahl N
• Vacuum Filtration R1lck constructed by SFASU staffwas equipped with twelve 100 ml vacuum test tube
filter systems (Ace Glass, Inc.) connected to a 1 h.p. lIT Pneumotive Model DVI GH-30-T vacuum pump.
Plastic Buchner funnels (2") were used with Whatman 0.45 micron glass filter paper.
Total phosphorus was determined using 200 ml ofunfiltered sample preserved
with 1 ml L· t nitric acid. Digestion of samples to release all forms of phosphorus was
accomplished with five ml of nitric acid added to each sample and then placed on the hot
plate and boiled until approximately 20 m1 of sample remained. This took between 2 and
3 hours. Samples were cooled and then 10 ml each of nitric and percWoric acids were
added for further digestion. Samples were then heated Wltil white percWoric fumes
appeared. Samples were then brought to a 50 ml volume with deionized water and
analyzed for total phosphorus on the ICP (Table 3). Values given by the ICP were
divided by four to correct for the 4x concentration of the sample and reported as mg L· l of
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total phosphorus.
Calcium, magnesium, potassium, and sodium were analyzed on the ICP using
unpreserved filtered samples. Readings from the ICP were reported as mg L· l .
Total Kjeldahl nitrogen was determined through a digestion-distillation-
Nesslerization procedure (Table 3). Digestion was accomplished by adding 5 ml of
sulfuric acid and a catalyst (5.0 g ~S04 + 0.15 g CuS04) to alSO m1 sample and boiled in
a Tecator 2020 digestor for 30 minutes. Samples were then transferred to a Tecator
Kjeltec 1026 distilling unit where 50 ml of aOH was automatically added.
Approximately 115 ml of distillate was collected in a flask containing 25 ml boric acid.
Twenty-five ml of boric acid-distillate mixture was pipetted into a 50 ml test tube and 1 ml
Nesslers reagent was added. Samples were allowed a 20-minute reaction time and then
absorbances were measured colorimetrically on a Milton Roy Spectronic 401
spectrophotometer. Standards of 0.3, 0.5, 1.0 and 5.0 ppm NH3- were created with
each batch of samples that were analyzed. Absorbances of these standards were read from
the spectrophotometer and a curve was constructed for their corresponding concentrations
in mg L· t • Absorbance readings from the samples were then inserted in the regression
equation produced by the standards curve and results reported as mg L- t of total Kjeldahl
nitrogen. The amount ofacid and digestion time described here were found to be
inadequate to fully digest the samples and produce an accurate value for TKN and
corrections for these inadequacies are descnbed in the Results and Discussion section.
56
Data Analyses
Water Quality and Quantity Data
Water chemistry data resulting from laboratory analyses were stored digitally on
IBM compatible personal computer files using Microsoft Excel 5.0 spreadsheet program
Data contained in flowmeters were transferred to a portable laptop computer using Isco
Flowlink 3.12 file management program. Manual streamflow data were stored on Lotus
1-2-3 v. 5.0 spreadsheet program. Lotus and Excel data files were easily combined and
imported to Statistical Analysis Software for Personal Computers (PC-SAS) 6.08 files for
statistical treatment using a Gateway 2000 486DX2-66 desktop personal computer.
Water quality criteria set by the United States Environmental Protection Agency
and the Texas atural Resource Conservation Commission (USEPA, 1986 and TNRCC,
1995) were used as a reference to evaluate the water quality conditions of the study
streams (Table 4). Student's t-tests were used to detennine significant (a = 0.05)
differences in means between forested and pasture land-use sites for each of the various
water quality parameters and stream discharges. Pearson correlation coefficients (r) were
applied to the data to assess the strength of relationships between stream discharge, TSS
and each of the various water quality parameters. Regression analysis was applied to
those parameters expressing strong relationships with stream discharge to predict their
concentrations and losses in the streams.
All parameters were statistically analyzed using values that resulted from analyses
as determined by the methods previously described in the Laboratory Analyses section of
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this text, except for minimum values for TKN and PO.-P. Minimum detection limit for the
TKN procedure was 0.05 mg L'l and minimum detection limit for P04-P was 0.008 mg
L'l. The PLLARS QA/QC document (SFASU, 1995) states that for non-detects, half the
detection limit of the procedure will be used for statistical evaluation of the data. In this
text for reporting purposes, calculations that resulted in a value less than the detection
limit were given as < 0.05 mg L'! for TKN and < 0.008 mg L'\ for PO.-P. For purposes
of statistical analyses, 0.025 and 0.004 were used for all values that fell below the
detection limits for TKN and P04-P, respectively.
Benthic Macroinvertebrate Data
Benthic macroinvertebrate communities were analyzed for species diversity, EPT
index, evenness, and richness. Mean values of the two sampling periods (April and
October, 1995) for each of the indices was determined for each stream site. Statistical
analyses were restricted because only two samples were taken at each stream site.
Differences ofmeans were calculated in place of robust statistical tests. Percentages
(positive or negative) that mean values at "B" sites were different from the mean value at
"A" sites were used to determine the effects of land use on the benthic community.
Pielou (1966) defined diversity as the uncertainty of the probability of correctly
predicting the species ofan individual collected randomly within a population. Diversity
increases as the number of species in a population increases and as the abundance ofeach
species becomes more equal. Diversity index is determined using the following equation
by Shannon and Weaver (1949):
where:
H' = -1: (~/n) log2 (1\/n)
H' = diversity index
1\ = number of individuals in the ith species
n = total number of individuals collected
(2)
Wilhm and Dorris (1968) stated that values for H' that are less than one indicate stressful
conditions, values between one and three indicate moderate stress, and values greater than
three indicate low stress conditions.
EPT index (Twidwell and Davis, 1989) is the number of species collected in the
orders Ephemeroptera (mayflies), Plecoptera (stoneflies), and Tricoptera (caddisflies).
These orders are known to be very intolerant of stressful conditions and their presence is
an indicator ofgood water quality. Aquatic life use subcategories for the EPT index are
Exceptional (>10), High (7-10), Intermediate (3-6), and Limited (0-2).
Evenness or equitability describes how evenly individuals are distributed among
the species within a population and is calculated using the following equation by Pielou
(1975):
where:
E=H'/H'max
E = evenness value
H' = species diversity index
H'max = log2S
S = number of species in a sample
(3)
Evenness values range from zero to one, with increased eveness as E approaches one.
Klemm etal (1990) report that values for E greater than 0.5 are indicative of waters with
low stress conditions.
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Species richness expresses the number of species in a population relative to the
total number of individuals in a population. It is very similar to diversity in that
populations with greater riclmess values indicate less stressful environmental conditions.
Richness was detennined using a formula by Margalef (1957):
where:
R = (S-l) / (l0Ben)
R = richness
S = number of species collected
n = total number of individuals collected
(4)
RESULTS A D DISCUSSIO
Data collected during the study period (March - ovember 1995) at the six sites
on the two stream channels are given in Appendixes A, B, and C on Tables A l-A2,
B1-B12, and C1, respectively. Data points used to calculate discharge for each stream
site are given in Appendix A, Table AI. Stream depths upon sampling and precipitation
data are presented in Appendix A, Table A2. Appendix B, Tables BI-B12 are results of
laboratory analyses for II water quality parameters (PO.-p, TP, 03- ,TKN, Ca, Mg, K,
Na, pH, DO, and TSS) and stream discharges. Appendix C, Table CI gives benthic
macroinvertebrate data that were collected in April and October 1995. These are the data
bases used in subsequent statistical analyses and interpretations presented below. It
should be noted that due to extremely small sample sizes (n ranged between 5 and 33) for
automatic samples, statistical analyses presented here for those samples should be
interpreted with caution. In retrospect, the six sampling sites were located on the two
channels as pairs, one forested and one pastureland. Forested sites were located at points
in the channel with predominantly undisturbed mature forests upstream and are referred to
as "A" sites. Sites in forested areas presumably receive no litter or commercial fertilizer
and were considered controls of the study. Pastureland sites were located downstream of
"A" sites with predominantly litter-applied pasture land upstream and are referred to as
"B" sites.
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Stream Assessment
Water Quality
The USEPA and the TNRCC have established concentration levels for certain
water quality parameters that should be maintained in water bodies to assure suitable
conditions for aquatic life and human health. These standards are presented in Table 4 for
those parameters that were evaluated in this study.
Table 4. Water quality standards that apply to small streams for parameters analyzed
on Waffelow and Terrapin Creeks.
Standard (mgIL)
USEPA (1986) TNRCC (1995)Parameter
P04-P
TP
03-
TKN
Ca
Mg
K
a
DO
pH (0-14)
TSS
<0,1
<10.0
>5.0
6.5-9.0
*
<10.0
>5.0
6.0-8.5
·Total suspended solids should not reduce the depth of the compensation point by more than 10 percent
from the stream norm (USEPA. 1986).
Several other water quality studies have been conducted on streams in the
acogdoches area over the past 20 years. The results of those studies and the present
study are given in Table 5 for comparison.
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Table 5. Means (mg L,l) of several water quality parameters of several stream studies
in the Nacogdoches area between 1973 and 1996.
Author P04-P TP N03-N TKN K Na Ca Mg 00 TSS pH
Dawson, 1973 0.072 1.170 8.6 7.2
(Attoyac R)
Dawson, 1973 0.091 0.830 7.9 8.0
(Angelina R)
Sniffen, 1973 0.934 1.001 6.3 7.6
Mulvihill. 1975 0.078 0.350 0.240 7.200 25.0 3.30 7.4 32.0 6.9
Brock, 1980 0.073 0.480 0.154 8.5 16.0 6.9
Chang eta!, 1980 ---_. 0.150 3.990
Chang etal, 1983 0.178 16.1
Brown, 1988 0.140 0.190 0.025 3.420 49.0 11.50 8.0 4,395 4.5
Frizzell, 1989 0.067 0.081 0.402 2.130 5.17 3.06 1.62 9.9 12.2 6.6
Martin, 1994 1.39 9.52 6.66 1.95
Mason, 1994 0.057 0.203 0.021 8.6 978.0 6.5
McGown, 1996 0.067 0.193 0.026 1.815 8.80 3.81 8.3 106.2 6.6
Present Study* 0.008 0.082 0.381 0.616 2.47 5.50 4.48 3.61 7.4 69.5 6.4
-Means of all samples from all six sites combined.
Appendix D, Tables DI-04 give mean, standard deviation, maximum, and
minimum concentrations of the 11 water quality parameters and stream discharge data
collected during the study period (Appendix B, Tables B loB 12). Appendix 0, Table D 1 is
for all observed samples (manual + automatic) for each stream site and will hereafter be
referred to as "M+A" samples. Appendix 0, Table 02 is for manual samples only that
were collected once per week during base flow stream conditions, and Table 03 gives
data for only automatic samples that were associated with stonn events. Means and
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standard deviations for all "A" sites combined versus all "B" sites combined for all three
sampling schemes (M+A samples, manual samples only, and automatic samples only) are
given in Table D4. Examination of the data on Tables Dl-D4 indicates that only three
parameters (phosphate phosphorus, pH, and dissolved oxygen) occasionally violated
standards set by the state and federal government (Table 4) during the study period.
These three parameters are discussed below along with the other eight water quality
parameters and stream discharges.
Phosphate Phosphorus.
The recommended water quality standard for P04-P is 0.10 mg L· l (Table 4).
Mean Po.-p concentrations for this study were 0.016,0.005,0.009,0.007,0.006, and
0.005 mg L'\ at stream sites lA, IB, 2A, 2B, 3A, and 3B, respectively. The maximum
reading was 0.320 mg L'\ at stream site lA and the minimum was < 0.008 mg L'\ observed
at all sites. Minimum detection limit for the Dionex DX500 ion chromatograph (re) is
0.025 mg L·1 as P04, which is 0.008 mg L·1 as PO.-P. For statistical calculations, all
values that could not be detected by the equipment «0.008 mg L") were entered as 0.004
mg L'\ as previously discussed in the Data Analyses section. Phosphate-phosphorus is the
soluble form ofP that is available to plants. Phosphate-phosphorus violated standards on
only two individual samples during the study period (Tables Dl and B10f Appendixes D
and B, respectively), one at site 1A (0.319 mg L'\) and the other at site 2A (0.169 mg L·1),
both of which were collected during stonn events. Eighty-nine percent (232 of26l) of
the samples analyzed had P04-P concentrations below the detection limit (0.008 mg L·\).
64
Of the samples that had concentrations above the detection limit, 59 percent (17 of29)
were collected during storm events. However, Tables D2 and D3 of Appendix 0 indicate
that mean P04-P concentration during storm events was the same or less than the mean
concentration in the low flow period, except at site 28. This is an indication of the
dilution effect of floodwaters from storm events on PO..-p concentrations.
The critical level of phosphate phosphorus that is thought to cause excessive plant
growth in standing waters such as lakes and reservoirs is 0.01 rng L-! (Sawyer, 1947 and
Vollenweider, 1968). The USEPA (1986) has suggested that 0.10 mg L-! ofP04-P is an
appropriate critical level for moving stream waters and 0.025 mg L-! for lakes and
reservoirs. The present study indicates that even if the more conservative critical value
reconunended for lakes (0.01 mg L-! ) is applied to stream samples from the area, only 8
percent of them (20 of261) exceeded this level (Figure 6). Percent of samples that
exceeded the critical level was higher at forested sites than at pastured sites (Figure 7).
Land application ofpoultry litter seems to have no adverse effect on PO..-p concentration
in the study streams.
Total Phosphorus.
Mean total phosphorus (TP) values were 0.059, 0.105, 0.090, 0.104, 0.036, and
0.098 mg L-! at stream sites lA, IB, 2A, 2B, 3A, and 3B, respectively. Maximum
concentration was 1.092 mg L-! at stream site IB and the minimum was 0.000 mg L- t at
several sites. Total phosphorus is all forms ofP detected in unfihered samples after
several hours of vigorous digestion. It is an indication of the amount ofphosphorus in the
P04-P Samples> 0.10 mgIL
USEPA Standard
259(99.2%) G 2(0.8%)
% Samples >0.10 mg/L I
P04-P Samples> 0.01 mgIL
Critical Level for Lakes
8 20(7.7%)241 (92.3%)
% Samples >0.01 mgIL I
P04-P Samples> 0.008 mgIL
Detection Limit ofDionex DXSOO
~29(11.1%)
232 (88.9"10)~
1_% Samples >0.008 mgIL I
Figure 6. Percentages ofall samples collected that exceeded the USEPA standard for
phosphate phosphorus (top). those that exceeded suggested critical levels
for lakes (middle). and those that exceeded the detection limit of the Ie.
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P04-P Samples> 0.01 mgIL
All Forested Sites Combined
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113 (86.3%)
18(13.7%)
% Samples >0.01 mgIL I
All Pastured Sites Combined
122 (93.8%)
8 (6.2%)
1_% Samples >0.01 mgIL I
Figure 7. Percentages of samples that exceeded the critical level for phosphate
phosphorus from all forested sites combined (top) and all pastured sites
combined (bottom).
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stream that may potentially become available to plants with time. Most of these forms of
P are tied up in sediments and organic materials and are not in solution or available to
plants. While there is no water quality standard for total phosphorus, the standard
recommended for P04-P (0.10 mg L·1) is the best bench-mark level available to evaluate
total phosphorus. Only two sites had mean TP concentrations that marginally exceeded
0.10 mg L-1 (0.105 mg L-1 at 1B and 0.104 mg L·1 at 2B). This indicates that phosphorus
levels in these streams were very low but were slightly elevated at downstream pastured.
sites.
Table 6 indicates that samples from "B" sites more often exceed 0.10 mg L·1 than
do "A" sites, an indication that land-use may have an effect on water quality. However,
total samples below 0.10 mg L-1 ranged between 77 and 91 % at each site, and 82% for all
six sites combined. As previously mentioned, most total P is tied up in sediments. In this
Table 6. Percent of samples that had total phosphorus values >0.10 mgIL at each of
six study stream sites.
Site
Total
lA
1B
2A
2B
3A
3B
Number of Samples
TP> 0.10 mgIL
4
7
10
10
4
~
43
Total Number of
Samples Measured
36
37
43
43
43
43
245
% of Samples
TP> 0.10 mg/L
11
19
23
23
9
19
18
study, the pairing ofstream sites 3A and 3B among M+A samples is the only example set
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that seems to conflict with this relationship. Mean total P was significantly (a. = 0.05)
higher at site 3B (0.098 mg L'l) than at site 3A (0.036 mg L·1), while TSS concentrations
at those sites were statistically the same (Appendix D, Table 01). The increased TP at
site 3B can be attributed to poultry litter applications and other land-use activities.
Total phosphorus had a mean concentration that exceeded 0.10 mg L'l at stream
sites IB, 2A, 2B, and 3B for those samples taken during increased stream stages by the
automatic samplers. When only manual samples are considered, no stream exceeded 0.10
mg L'l for mean TP. When all "A" sites combined are compared to all "B" sites combined
(Appendix 0, Table D4), mean total phosphorus exceeded 0.10 mg L· l at "B" sites for
automatic samples (0.279 mg L'l) and M+A samples (0.102 mg L· l ). Examination of
Appendix B, Table B2 indicates that sixty-five percent of the 43 samples exceeding 0.10
mg L·1 were collected during storm events.
Mean total phosphorus was significantly different between sites 1A and 1B among
automatic samples and between sites 3A and 3B for automatic samples and M+A samples,
but there was no significant difference between sites 2A and 2B. Comparison ofall
upstream "A" sites to all downstream "B" sites shows that "B" sites had significantly
higher concentrations of total phosphorus (Appendix D, Table 04). Ofthose samples
with mean TP concentration exceeding 0.10 mg L'\ during this study, they always
occurred at pastured "B" sites (Appendix 0, Tables DI-D4), except for site 2A among
automatic samples (Table D3). However, in most of those cases, the "B" site value was
not significantly different from the "A" site value. Also, for sites with mean TP exceeding
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0.10 mg L'! , there was no statistical difference between sites A and B, except at site 3B
for M+A samples (Table 01) and automatic samples (Table 03) and when all "B" sites are
compared to all "A" sites for automatic samples and M+A samples (Table 04).
Nitrate-Nitrogen.
Concentrations ofN03-N for all samples were below the EPA and TNRCC
standard of 10.0 mg L'! for drinking water. Mean N03-N values were 0.103, 0.155,
0.135,0.443,0.597, and 0.765 mg L'] at stream sites 1A, 1B, 2A, 2B, 3A, and 3B
respectively. Table D 1 (Appendix D) indicates maximum concentration was 1.51 mg L'!
at site 3B. Minimum concentration was zero at sites IA, IB, and 3B. Mean N03-
concentration for all "A" sites combined was 0.289 mg LO! and 0.472 mg L· l for all "B"
sites combined (Table 04). Concentrations of 03-N were significantly different between
sites 2A and 2B and also between 3A and 3B, but there were no differences between sites
IA and lB. Comparison of all upstream "A" sites to all downstream "B" sites indicates
that "B" sites have significantly higher concentrations of nitrate-nitrogen (Table D4).
The critical level of nitrate nitrogen for aquatic plants has been reported to be
about 0.30 mg L'! (Sawyer, 1947 and Vollenweider,1968). Excessive aquatic plant
growth can occur when N03- concentrations exceed this critical leveL Stream sites 2B,
3A, and 3B had mean concentrations that exceeded the critical level (0.443,0.597, and
0.765 mg L't, respectively), while mean concentrations at the other three sites were well
below the critical level (Appendix D, Table D1). Forty-nine percent of the total samples
(134 of273) from all six sites combined exceeded the critical level for nitrate nitrogen.
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However 88% (128 of 145) of samples from sites 2B, 3A, and 3B combined exceeded the
critical level (Figure 8). Mean 03-N concentration at these three sites combined was
0.601 mg L'! and the mean at each of those sites exceeded the critical level. Critical levels
were exceeded in 34% and 64% of samples (Figure 9) from forested sites combined and
pastured sites combined, respectively, yet no excessive plant growth was detected at any
sites at any time during the study. This suggests that other factors might have limited
plant growth in these streams.
Total Kjeldahl itrogen.
Mean TKN concentrations were 0.467, 0.547, 0.650, 1.114,0.389, and 0.496 mg
L'! at sites lA, IB, 2A, 2B, 3A, and 3B, respectively. Maximum TKN was 10.686 mg L'(
at site 2B and minimum TKN was <0.05 mg L'\ occurred at all sites. The minimum
detection limit of this procedure was 0.05 mg L-I . As previously discussed in the Methods
of Study section, the digestion time and amount ofacid used in the TKN analysis
procedure were found to be inadequate to fully digest the samples, producing inaccurate
results. Digestion time was increased from 30 minutes to 2 hours and the acid was
increased from 5 m1 to 10 ml. All other steps in the procedure remained the same as
discussed in Methods of Study. New samples were analyzed using both new and old
procedures and the results regressed against each other to develop a prediction equation
for correcting those data that were analyzed under the old inadequate procedure. The
equation was of the following form:
Corrected TKN = 3.8769 (original data) 0.9314 (5)
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N03-N Samples> 0.30 mg/L
Critical Level for Lakes, All Sites Combined
134 (49.1 %)
139 (50.9%)
% Samples >0.30 mg/L I
N03-N Samples> 0.30 mg/L
Critical Level for Lakes, Sites IA, lB, and 2A Combined
G 6(3.4%)172 (96.6%)
% Samples >0.30 mgIL I
N03-N Samples> 0.30 mg/L
Critical Level for Lakes, Sites 2B, 3A, and 3B Combined
128 (88.3%)
17 (11.7%)
% Samples >0.30 mgIL I
Figure 8. Percentages of all samples from all sites combined that exceeded the critical
level (top), percentages ofall samples from sites lA, IB, and 2A combined
that exceeded the critical level (middle), and percentages ofall samples
from sites 2B, 3A, and 3B combined that exceeded the critica11evel (bottom).
72
N03-N Samples> 0.30 mgIL
All Forested Sites Combined
90 (66.2%)
% Samples >0.30 mgIL I
All Pastured Sites Combined
88 (64.2%)
49(35.8%)
% Samples >0.30 mgIL I
Figure 9. Percentages ·of samples that exceeded the critical level for nitrate nitrogen from
all forested sites combined (top) and all pastured sites combined (bottom).
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Original and corrected TKN values are given in Appendix B, Tables B4 and B5,
respectively. Mean corrected TKN concentration for the study streams were still lower
than results of other studies in East Texas (Table 5).
Base-Forming Cations (Ca, Mg, K, Na).
Mean concentrations for calcium were 3.324, 4.167, 6.390, 5.416, 3.323 and
4.009 mg L· l at sites lA, 1B, 2A, 2B, 3A, and 3B, respectively. Mean concentrations for
magnesium were 2.840,3.444,5.024,4.201,2.765 and 3.200 mg L') at sites 1A, 1B, 2A,
2B, 3A, and 3B, respectively. Mean concentrations for potassium were 2.701, 3.302,
3.268,2.412,1.348, and 1.933 mg L· l at sites 1A, 1B, 2A, 2B, 3A, and 3B, respectively.
Mean concentrations for sodium were 6.099,6.298,6.704,6.140, 3.640, and 4.338 mg L'!
at sites lA, 1B, 2A, 2B, 3A, and 3B, respectively. Maximum concentrations were 13.66,
12.19,36.04, and 13.99 mg L'\ for Ca, Mg, K, and Na, respectively. Minimum
concentrations were 1.09,0.87,0.58, and 0.93 mg L') for Ca, Mg, K, and Na, respectively
(Appendix D, Table 01). Mean concentrations ofcalcium, magnesium, and potassium
were significantly higher at site 1B than 1A, but no differences were detected at the other
two pairs of sites. Sodium was significantly higher at site 3B than at site 3A, but not at
the other pairs of sites. When all "A" sites are combined and compared to all "B" sites
combined, there were no significant differences for any of the four elements (Table 04).
Kadlec and Knight (1995) report that average concentrations of15.0, 4.1, 2.3, and 6.3 mg
L') are expected in freshwaters for Ca, Mg, K, and Na, respectively. Concentrations of
these four cations in the study streams were about the same or lower than those average
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values.
Total Suspended Solids.
Table 010f Appendix 0 indicates that mean TSS concentrations were 34.1, 179.9,
47.8,52.5,54.8, and 60.2 mg L· j at sites lA, 18, 2A, 28, 3A, and 38, respectively.
Maximum TSS concentration was 3,200 mg L'\ observed at site 18 and minimum
concentration was 0.0 mg L'\ at sites 18 and 2A.
Many ofthe differences between 1A and 18 can probably be explained by the
"waterfall" effect of the bridge culvert immediately upstream ofsite 18. Streamwater falls
about 1 meter from the bridge culvert to the natural stream bed. The resulting impact of
the waterfall disturbed the stream bed during rain events and increased TSS concentrations
at that site. Stream depth at site 18 was measured inside the bridge culvert and sample
collection occurred about 4.5 meters (15 feet) downstream. During normal streamflow
conditions, average depth inside the culvert was only 0.02 meters (0.8 inches), but might
exceed 0.6 meters (2 feet) during stonn events. Although Student's t-tests indicate no
significant differences in total suspended solids between forest and pasture sites due to a
large sample variance, there was a substantial difference in the means ofTSS at sites lA
(34.1 rug L· t ) and 18 (179.9 mg L·\). This large sample variance ofTSS at site 18 results
in a standard deviation (586.2 mg L· l ) that overlaps with the mean at site lA (Appendix D,
Table Dl) and therefore, no statistically significant (a. = 0.05) differences are detected.
Mean TSS concentrations for the other site pairs, as well as for all "A" sites compared to
all "8" sites, indicates that concentrations were consistently higher at "8" sites than "A"
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sites, apparently an effect ofland-use on TSS concentrations. However, none ofthose
differences were found to be significant due to the large variance as explained above.
Dissolved Oxygen.
Dissolved oxygen readings were taken at the time of manual sample collection.
Mean dissolved oxygen readings were 8.2,8.3,6.2,6.6, 7.8, and 7.7 mg L· l at stream sites
lA, 1B, 2A, 2B, 3A, and 3B, respectively. The maximum value was 9.9 mg L·t at site IB
and the minimum value was 3.9 mg L'\ at site 2A. Although the minimum values at sites
2A and 2B (3.9 and 4.8 mg L'\ respectively) fell below the standard (5.0 mg L'!), they
were still above the TNRCC (1995) criteria for "high" aquatic life use in which a minimum
value not less than 3.0 mg L'l over an eight hour period is combined with a mean of 5.0
mg L'l (Table 7).
pH.
Mean pH values were 6.02,6.24,6.47,6.52,6.46, and 6.57 at stream sites lA,
lB, 2A, 2B, 3A, and 3B, respectively. The maximum pH value was 7.10 and the
minimum was 5.37 (Appendix D, Table D1). Stream site IB has an average pH of5.76
when only automatic samples are considered, a value that is marginally in violation of the
standard for pH (6.0-8.5). All other mean pH values were within the range required by
the standards. Comparison of site pairings for M+A samples indicates that only sites 1B
and 3B have significantly higher pH values than their corresponding "A" sites. However,
when data were grouped by land use, results indicated that the downstream pastured "B"
sites had significantly higher mean pH values than upstream forested "A" sites (Table D4).
Table 7. Texas Surface Water Quality Standards for aquatic life use subcategories (fNRCC, 1995).
Aquatic Life D~solved OX),J5en Crite!ia! mg/L
--
Aquatic Life Attributes_
Use P",hw"" P",hw".. rS.!tw"" Habitat I Species I Sensitive I Diversity I Species
I
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Subcategory mean! in Spring mean! Character- Assemblage Species Richness Structure
minimum mean! minimum istics
minimum
- - - I~0/4.01 6.0/5~ I joutstandingExceptional 5.0/4.0 Exceptional Abundant Exceptionally Exceptionally IBalanced
natural or unusual high high
__ __ :,ariabilitL -- _
Ipres.nt
._----
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Stream Discharge.
Stream discharges are given in Table A2 of Appendix A. Mean stream discharges
were 23, 79, 250,295,242, and 445 L sec'! (Appendix 0, Table 01). Actual maximum
streamflow was unmeasurable due to flooding conditions. Estimated maximum
streamflow was 12,800 L sec'l (452 cfs) at site 38. However, maximum streamflow used
in calculations in this study was 1810 L sec'! (63.9 cfs) at site 2A. Minimum streamflow
was 4 L sec'! (0.1 cfs) at site 18.
Mean stream discharge at sites 1B and 3B were significantly higher than their
respective"A" sites, but no differences in discharge were detected between sites 2A and
28. Mean discharge was significantly higher at all"B" sites combined (280 L sec" or 9.9
cfs) than at all "A" sites combined (I80 L sec'! or 6.4 cfs) (Table D4).
Summary of Water Quality Parameters.
Statistical differences in mean concentration between upstream forested sites and
downstream pastured sites are summarized by sampling scheme (manual, automatic, and
manual + automatic combined) in Table 8. Four parameters (P04-P, TKN, TSS, and DO)
had no significant differences between any site pairs for any sampling scheme. When there
was a significant difference between site pairs, it always occurred at B sites for all
parameters, except Ca and Mg at site 1A for automatic samples, and Na at site 2A for
manual samples. However, even where the differences are statistically significant, the
values are relatively very small (Appendix D, Tables DI-D4). Figures 10-13 graphically
depict mean and standard deviation of 12 parameters for M+A samples.
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Water quality conditions for the six stream sites were good in reference to water
quality criteria set by state and federal regulators (Table 4). All parameters analyzed had
average concentrations within the limits recommended by state and federal regulation.
Critical levels of 0.01 rng L-\ and 0.30 mg L'\ have been recommended for lakes and
reservoirs for phosphate phosphorus and nitrate nitrogen, respectively. Excessive plant
growth can occur when concentrations exceed these critical levels. Nitrate nitrogen
exceeded the critical level in 49% ofall study stream samples and 88% of samples
collected at sites 2B, 3A, and 3B, while phosphate phosphorus exceeded the critical level
in only 8% of all stream samples.
Mean nitrate nitrogen concentrations at sites 2B, 3A, and 3B should be able to
cause excessive plant growth in these streams. However, very low levels ofPO.-P, along
with sufficient flow velocities, probably prevented these streams from having excessive
aquatic plant growth. Therefore, it would appear that currently implemented land
management practices have not caused adverse effects on the water quality conditions in
these streams.
Natural vegetative buffer zones (grass, brus~ and trees) of between 15 and 150
meters (50-500 feet) were maintained between the litter-application areas and stream
banks along the length ofeach stream in the pastured portions of the watersheds. This
was probably a main fuctor that contributed to low concentrations and low losses of water
quality variables that were monitored. Several studies (Westerman et at, 1983;
Chaubey et at, 1994; Mikkelsen and Gilliam, 1995) indicate that narrow buffer zone
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widths ofabout 20 meters will prevent 90% of the constituents of litter from entering the
streams.
Table 8. Results of paired t-tests for 11 water quality parameters and stream discharges.
The site with the higher mean concentration of the given parameter is indicated
by its site designated letter (A or B). Bolded and underlined letters are
significantly higher (a = 0.05).
lA/IB 2A/2B 3A/3B All A/All B
Parameter M+A M A M+A M A M+A M A M+A M A
P04-P A A A A A B A A B A A B
TP B A B B A B 1! B 1! !! A 1!
03-N B B B !! 1! 1! !! !! B !! !! 1!
TKN B A B B B B B B A B B B
Ca !! !! ~ A A A B B B B B A
Mg 1! !! ~ A A A B B B B B A
K 1! 1! B A A A B B B B B A
. a B B A A ~ A !! !! B B B A
TSS B B B B A B B A B B A B
DO B B B B A A -- B B _.
pH 1! 1! A B B B 1! 1! B 1! !! B
Discharge !! !! 1! B B A 1! 1! B !! 1! B
M+A - All samples, M - Manual samples, A - Automatic samples
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Figure 10. Mean with plus and minus 1 standard deviation for P04-P,
TP, and N03-N at six sites on two Nacogdoches County,
Texas streams.
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Figure 11. Mean with plus and minus 1 standard deviation for TKN, K, and
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Losses of Elemems and Suspended Solids
Concentrations of water quality parameters obtained from laboratory analyses
were converted to losses in mass per unit area for all parameters except dissolved oxygen
and pH by:
(mg L'!) x (L sec,!) / watershed area in ha = mg ha'! sec'!
Results indicate (Appendix E, Tables E1-E4) that pastured "B" sites had higher mean
losses than forested "A" sites for most parameters under most sampling schemes.
(6)
However, most ofthe differences were not significant (a = 0.05). Table 9 gives the site
(A or B) with the higher loss of the parameters that were analyzed. Significant differences
between the sites were determined with t-tests and are indicated as an underlined site
letter.
Table 9. Results of paired t-tests for 9 loss parameters. The site with the higher mean
concentration of the given parameter is indicated by its site designated letter
(A or B). Bolded and underlined letters are significantly higher (a =0.05).
lA/I B 2N2B 3A/3B All AlAll B
Parameter M+A M A M+A M A M+A M A M+A M A
P04-P B A B A A B A A B B A B
TP B BD. B BB B BD. D. B B
N03-N B D. D. !! D. 1! !!!! B !!!!!!
TKN B BB B BB B BA !! BB
Ca !! !! 1! A B A B B B B!! B
Mg 1! !!!! A B A B B B B B B
K !!!!B B BB B BB !!!!B
Na !! !! B A B A B B B !!!! B
ISS B B B B B B B A B B A B
M+A = All samples, M = Manual samples, A = Automatic samples
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Losses for each parameter were determined on a monthly basis and extrapolated to
an annual loss based on nine months ofdata (Appendix E, Table E5). Total monthJy
losses ofall parameters were greater at "B" sites than at "A" sites except for Ca, K, and
Mg at stream site 2A. Monthly losses were generally highest during March, April, and
May 1995 which coincides with the period ofgreatest rainfall during the study period.
Annual losses are assumed to flow to the Attoyac River and then to Sam Rayburn
Reservoir. The best estimate of the total quantity of those loss parameters is represented
by the most downstream monitoring site for each stream. Stream site 2B on Waffelow
Creek and site 3B on Terrapin Creek are the most downstream sites, which were about
3.2 km (3 miles) and 1.6 km (1 mile) upstream from the confluence with the Attoyac
River, respectively. Nitrate nitrogen and phosphate phosphorus are the two factors that
most affect eutrophication of waters. Waffelow Creek was estimated to contribute
approximately 2.3 and 3.2 metric tons per year ofP04-P and N03- , respectively to the
Attoyac River. Contributions oftota! suspended solids were estimated to be 11,218
metric tons per year. Terrapin Creek added approximately 1.6 and 9.5 metric tons per
year ofP04-P and 03-N, respectively, and TSS was estimated to be 20,577 metric tons
per year. Waffelowand Terrapin creeks together added approximately 3.9, 12.8, and
31,795 metric tons per year of P04-P and 03- , and TSS, respectively, to the Attoyac
River. Combining the loads from these two streams with all the other tributary streams in
the Attoyac River watershed can produce a substantial. input to Sam Rayburn Reservoir.
Figures 14-16 show graphically the means and standard deviation of each
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parameter for M+A samples at each site. The impact of the waterfall effect at site IB on
each parameter is clearly apparent, as discussed in the section on TSS earlier. The large
variance of samples prevents detection of statistically significant differences even though
there may have been substantial differences in the means between two sites. Losses ofTP,
03-N, TKN, Ca, Mg, K, Na, and TSS at site IB were all considerably higher than at site
1A, yet no significant differences were detected. It appears as though there is a strong
relationship between TSS and discharge and each of these parameters by examination of
these figures. Correlation analyses will be discussed later in the section on
Losses-Discharge Relationships.
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Water Quality-Discharge Relationships
Correlation analyses were performed on all the parameters against discharge and
TSS (Appendix F, Tables Fl and F2). Relationships between water quality parameters in
mg L-! and stream discharge in L sec-I were generally weak with a few exceptions.
Calcium, magnesium, potassium, and sodium concentrations are moderately to strongly
(r ~0.60 and p ~ 0.05) correlated with discharge. Nitrate-nitrogen is moderately
correlated to discharge at site 2B among manual samples (r = -0.68), at site 3A among
M+A samples (r = -0.63) and manual samples (r = -0.75), and at site 3B among manual
samples (r = -0.76). TSS is moderately correlated with discharge (r = 0.61 to 0.71) at
sites lA, 1B, and 3A among M+A samples and at site 3A among manual samples. Total
phosphorus is moderately to strongly correlated with TSS (r = 0.67 to 0.97) at sites lA,
IB, 2A, 2B and among all 'B' sites as a group. Other relationships between the various
parameters appear to be random in nature when using weight per volume as the units of
measure.
Tables 10 and 11 give equations that predict elemental concentration based on
stream discharge and TSS, respectively. These.equations were developed using the three
models given at the bottom ofeach table. Only the values ofcoefficients a and b for the
best prediction equation of the three are given in the table. Values for a and b were left
blank for the other two less desirable equations.
To use Tables 10 and 11, choose the stream site and water quality variable to be
predicted and insert the given values for a and b into the regression equation at the top of
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the column and insert the selected discharge value in L sec'! in place of x. Resulting y will
be the predicted concentration of the selected water quality variable for the selected
stream discharge.
Generally, the linear regression model appears to be the best choice of the three
models used to estimate element concentration based on discharge for sites under mostly
forested conditions in the study watersheds. Parameters at pastured sites seem to be
predicted best by exponential and power functions. Forested watersheds generally have
better water quality, less element concentration, and smaller streamflow variation. A
linear relationship between element concentration and discharge is expected under these
conditions. However, pastured watersheds may have numerous management activities
including poultry litter applications, commercial fertilizers, soil disturbance and wastes by
farm animals) fiuming activities, etc. These may accelerate element and water losses,
making the linear function inadequate to describe the relationship.
Estimation ofelement concentration based on TSS seems to be best accomplished
with the power function model for both forested and pastured sites. Many of the elements
have a tendency to adhear to suspended solids. Generally, as stream discharge increases,
TSS concentration will increase. An increase in TSS implies a greater value of stream
discharge which inturn may transport dissolved nutrient elements in addition to those
adhearing to TSS. This phenomenon may make the linear function inadequate to describe
the relationship.
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Table 10. Values of regression coefficients (a and b) and coefficients of determination (r)
for concentration (y) of 11 water quality variables versus discharge (x) at six
sites on two streams in acogdoches County Texas.
bX by=a+bx y=ae -I y=ax-l
Variable Site a
P04-P lA
18
TP lA
18
N03-N lA
18
TKN lA
18
b r2 a b r2 a b r2
1.00424 0.000008 0.07
0.99604 0.00043 0.42
0.97265 0.00123 0.67
0.99472 0.00069 0.65
0.99074 0.00065 0.72
1.30682 0.02683 0.01
Ca IA
18
Mg lA
18
K lA
IB
Na lA
18
TSS lA
18
DO lA
IB
pH lA
18
0.05989 0.01067 0.95
0.67209 0.26655 0.87
0.05077 0.00926 0.95
0.71649 0.22689 0.86
0.03621 0.00914 0.94
1.15244 0.00406 0.87
0.14553 0.01742 0.93
0.64067 0.32550 0.86
-7.3572 0.51261 0.75
1.14735 0.01625 0.88
8.00978 0.04328 0.21
7.34110 -0.00019 0.42
Prediction equations for P04-P, TKN, pH, and DO were not significant (a = 0.05) at site IA.
Prediction equations for TKN were not significant (a = 0.05) at ite lB.
Table 10. (continued)
y=a+bx bXY=ae -1
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by=ax -1
Variable Site a b a b a b
P04-P 2A
28 0.00341 0.000006 0.30
TP 2A
28
1.00055 0.00002 0.48
0.99954 0.00003 0.36
N03-N 2A
28
TKN 2A
28
1.00091 0.00003 0.68
0.94431 0.01606 0.66
Ca
Mg
K
a
TSS
DO
pH
2A -0.08992 0.00270 0.93
28 1.01565 0.00107 0.90
2A -0.08322 0.00231 0.91
28 1.00023 0.00096 0.87
2A 0.00918 0.00060 0.88
28 1.00217 0.00047 0.93
2A -0.05190 0.00231 0.96
28 1.05061 0.00079 0.88
2A -2.62220 0.02534 0.64
28 0.04560 0.81381 0.67
2A 5.48316 0.00424 0.24
28 5.49321 0.06498 0.24
2A 6.44042 0.00021 0.11
28 7.25987 0.00705 0.07
Prediction equations for P04-P were not significant (a = 0.05) at site 2A.
Prediction equations for TKN were not significant (a = 0.05) at sites 2A or 28.
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Table 1O. (continued)
Variable Site a
P04-P 3A
38
y=a+bx
b a
bXy= ae -I
b a
6y=ax -1
b
TP 3A
38
1.00024 0.00001 0.47
0.93875 0.01176 0.57
N03-N 3A
38
TKN 3A
38
0.02024 0.00010 0.80
1.01230 0.00009 0.57
Ca
Mg
K
a
3A
38
3A
38
3A
38
3A
38
-0.30555 0.00 182 0.93
-0.21688 0.00139 0.88
-0.03428 0.00146 0.92
-0.17598 0.00149 0.96
0.96602 0.00116 0.87
0.96661 0.00102 0.83
0.98258 0,00053 0.93
1.01828 0.00031 0.46
TSS 3A
38
0.97548 0.00422 0.79
0,00050 1.49175 0.58
DO 3A
38 7.10272 0.00164 0.13
pH 3A
38 6.39850 0.00034 0.34
Prediction equations for P04-P and TKN were not significant (a = 0.05) at sites 3A or 3B.
Prediction equations for pH, and DO were not significant (a = 0.05) at site 3A.
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Table 10. (continued)
y= a + bx bx bY= ae -1 y=ax -1
Variable Site b 2 b r2 b r2a r a a
P04-P AliA
All B 1.00408 0.000002 0.05
TP All A 1.00231 0.00001 0.15
AlIB 1.04192 0.01460 0.03
N03·N All A 0.97602 0.01003 0.35
All B 1.01538 0.00010 0.25
TKN AIl A
All B
Ca All A 0.01136 0.00226 0.82
All B 1.17331 0.00080 0.46
Mg AIl A 0.00932 0.00191 0.79
AIlB 1.14429 0.00069 0.44
K All A 0.08397 0.00049 0.45
All B 1.16798 0.00033 0.07
a AliA 0.14659 0.00172 0.66
All B 1.28584 0.00065 0.27
TSS AliA 1.40296 0.00259 0.44
AIlB 1.55696 0.00267 0.29
00 AIl A
AIlB
pH All A 6.97003 0.01218 0.21
AlIB 6.36018 0.00030 0.13
Prediction equations for TKN and 00 were not significant (a = 0.05) at "All A" or "AIl B" sites.
Prediction equations for P04-P were not significant (a = 0.05) at "AIl A" sites.
y=a+bx
bxy= ae -I
bY= ax -I
Linear regression [derivation of a and b was as follows: y regressed against x using
SAS Proc Reg]; where y = water quality variable value in mg Ct,
y = predicted variable value in mg C t , a = parameter estimate of intercept.
b = parameter estimate of x. x = discharge value in L sec-I
Exponential function [derivation of a and b was as follows: log(y+ 1) regressed against
x using SAS Proc Reg]; where y = water quality variable value in mg L- I ,
(parameter estor intercept) .
a = e , e = 2.71828 = natural logarIthm, b = parameter est. of X.
y = predicted variable value in mg C l , x = discharge value in L sec-I
Power function [derivation of a and b was same as exponential function above except
log x was used rather than x in the SAS Proc Reg procedure].
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Table 11. Values of regression coefficients (a and b) and coefficients of detennination (r)
for concentration (y) of 11 water quality variables versus TSS (x) at six sites
on two streams in acogdoches County, Texas.
~ bY=a + bx y = ae ·1 y =ax . 1
Variable Site
P04.p lA
18
a b a b a b
TP IA 1.00224 0.00088 0.65
18 0.00944 0.00034 0.99
N03-N lA 1.00512 0.00123 0.72
18 0.01367 0.00014 0.90
TKN IA
18
Ca IA 0.24083 0.01419 0.57
18
Mg IA 0.20806 0.01223 0.56
18
K lA 0.18359 0.01396 0.76
18 0.37170 0.00266 0.96
Na lA 0.44165 0.02298 0.55
18 0.80653 0.00152 0.75
Disch IA 16.32672 1.48044 0.75
18
00 lA
18
pH IA
18
1.54969 0.11592 0.64
1.4Q 198 0.09576 0.59
25.10681 0.41173 0.75
7.25856 -0.00969 0.48
Prediction equations for P04.p, TKN, and 00 were not significant (a. = 0.05) at site lA or 18.
Prediction equations for pH were not significant (a. = 0.05) at site lA.
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Table 11. (continued)
Variable Site a
P04-P 2A
28
TP 2A
28
N03-N 2A
28
y=a+bx
b a
bXY= ae -I
b
by=ax -1
a b r2
0.99563 0.00374 0.09
1.00649 0.00330 0.45
1.00951 0.00495 0.36
1.01020 0.00506 0.68
1.02653 0.01046 0.82
TKN 2A
28
0.51013 0.00274 0.07
Ca
Mg
K
a
2A 0.32470 0.06976 0.61
2B
2A 0.27361 0.05913 0.59
28
2A 0.09652 0.01664 0.68
28
2A 0.30296 0.05967 0.63
28
1.45232 0.13790 0.52
1.37659 0.11973 0.47
1.1 7291 0.06455 0.63
1.45500 0.13214 0.58
Disch 2A
28
00 2A
28
pH 2A
28
149.84269 0.64441 0.68
175.61500 0.52706 0.83
Prediction equations for P04-P were not significant (a. = 0.05) at site 2A.
Prediction equations for TKN were not significant (a. =0.05) at site 28.
Prediction equations for 00 and pH were not significant (a. = 0.05) at sites 2A or 28.
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1.00304 0.00151 0.48
1.05791 0.01581 0.48
1.29107 0.12024 0.53
1.31967 0.14192 0.44
1.24513 0.10243 0.48
1.26361 0.11677 0.40
1.12033 0.05826 0.65
1.14481 0.04880 0.23
1.28703 0.10171 0.63
1.34790 0.11516 0.44
160.98481 0.44326 0.73
319.2320 0.28248 0.59
Table 11. (continued)
y=a+bx bXy = ae -1
Variable Site b 2 b 2a r a r
P04-P 3A
38
TP 3A
38 0.00223 0.00047 0.80
N03-N 3A 0.02504 0.00165 0.77
38
TKN 3A
38
Ca 3A
38
Mg 3A
38
K 3A
38
Na 3A
38
Disch 3A
38
00 3A
38
a
by=ax -I
b
pH 3A
38 7.52532 0.00593 0.11
Prediction equations for P04-P, TKN, and 00 were not significant (a. = 0.05) at sites 3A or 38.
Prediction equations for pH were not significant (a. = 0.05) at site 3A.
1.00211 0.00119 0.03
1.00554 0.00300 0.37
1.39747 0.12454 0.46
1.43263 0.12704 0.54
1.34053 0.10996 0.42
1.35966 0.10662 0.49
1.18897 0.05837 0.50
1.45203 0.11218 0.45
87.13494 0.50241 0.42
116.37352 0.39938 0.36
8.54085 0.03528 0.09
Table 11. (continued)
y=a+bx
Variable Site a b r2
P04-P All A
All S
TP All A
All B 0.00614 0.00035 0.99
N03-N All A 0.01122 0.00145 0.58
All B 0.03456 0.00013 0.73
TKN All A
All B
Ca All A
All B
Mg AliA
All B
K All A
All S 0.22163 0.00271 0.94
Na All A
AIlB 0.57730 0.00159 0.59
Disch All A
AIlS
DO All A
AllS
a
bXY= ae -1
b a
99
by=ax -1
b
pH All A
All B 7.45148 -0.00002 0.11
Prediction equations for TKN were not significant (a. = 0.05) at "All A" or "All B" sites.
Prediction equations for P04-P, DO, and pH were not significant (a. = 0.05) at "All A" sites.
y=a+bx
bxY= ae -1
by=ax -I
Linear regression [derivation of a and b was as follows: y regressed against x using
SAS Proc Reg]; where y = water quality variable value in mg L-1,
y = predicted variable value in mg L-1, a = parameter estimate of intercept,
b = parameter estimate of X, x = TSS value in L sec·1
Exponential function [derivation of a and b was as follows: log(y+ 1) regressed against
x using SAS Proc Reg]; where y = water quality variable value in mg C\
a = e(parameterest.ofiDtercept), e = 2.71828 = natural logarithm, b = parameter est. ofx,
y = predicted variable value in mg C 1, x = TSS value in L sec-I
Power function [derivation of a and b was same as exponential function above except
log x was used rather than x in the SAS Proc Reg procedure].
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Losses-Discharge Relationships
Values of correlation coefficients were higher and stronger when the water quality
parameters were expressed in total loss per unit area per unit of time (rng ha-I sec-I). Total
phosphorus, N03-N, K, a, Ca, Mg, TSS, and discharge are all moderately to highly
correlated (r ~.40 and p ~0.05) to TSS and discharge at most sites and among most
sampling schemes (Appendix F, Tables F3 and F4).
Figures 17-19 show the fluctuations ofdischarge and losses of three parameters
(TSS, TP, 03-N) that are most important to water quality. Missing data as a result of
arious causes (flooding ofequipment, damage to equipment by animals, technician errors,
and other equipment failure) produced disconnected lines, however, the relationship
between the parameters and discharge is apparent.
Tables 12 and 13 give equations that predict elemental losses based on stream
discharge and TSS, respectively. These equations were developed using three regression
models described at the bottom ofeach table. Values ofcoefficients a and b for the best
model were provided for each parameter in the table. Values for a and b were left blank
for the other two less desirable equations.
Generally, the linear regression model appears to be the best choice of the three
models used to estimate element losses based on stream discharge for sites under mostly
forested conditions in the study watersheds. Parameters at pastured sites seem to be
predicted best by exponential and power functions. Forested watersheds generally have
better water quality, less element losses, and smaller streamflow variation. A linear
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relationship between element losses and discharge is expected under these conditions.
However, pastured watersheds may have numerous management activities including
poultry litter applications, commercial fertilizers, soil disturbance and wastes by farm
animals, fanning activities, etc. These may accelerate element and water losses, making
the linear function inadequate to describe the relationship.
However, the power function model appears to be the best choice of the three
models for estimating element losses based on TSS losses for both forested and pastured
sites, although many of them are poor on predictability. Power function was also found to
be a better approach than linear function in relating TKN, TP, and chloride to TSS in
largely forested streams in East Texas (Granillo et ai, 1985). Many of the elements have a
tendency to adhear to suspended solids. An increase in TSS losses implies a greater value
of stream discharge which inturn may transport dissolved nutrient elements in addition to
those adhearing to TSS. This phenomenon may make the linear function inadequate to
describe the relationship.
To use Tables 12 and 13, choose the stream site and loss variable to be predicted
and insert the given values for a and b into the regression equation at the top of the
column and insert the selected discharge value in L sec,l in place ofx. Resulting y is the
predicted loss of the selected variable for the selected stream discharge.
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Discontinuous lines represent missing data.
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Figure 19. Nitrate nitrogen losses and stream flow for six sampling sites on two Nacogdoches County, Texas streams.
Discontinuous lines represent missing data.
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Table 12. Values of regression coefficients (a and b) and coefficients ofdetennination (r)
for mass losses (y) of9 variables versus discharge (x) at six sites on two
streams in acogdoches County, Texas.
hi bY=a + bx y = ae -I y =ax -I
Variable Site a b r2 a b 2 b r2r a
P04-P IA 0.99999 0.00006 0.09
18 0.99959 0.00003 0.76
TP IA 0.99604 0.00043 0.42
18 0.97265 0.00123 0.67
N03·N lA -0.00572 0.00072 0.64
18 0.99074 0.00065 0.72
TKN IA
18 0.00655 0.00236 0.37
Ca IA 0.0599 0.01067 0.95
18
Mg lA 0.05077 0.00926 0.95
18
K IA 0.03621 0.00914 0.94
18 1.15244 0.00406 0.87
Na IA 0.14553 0.01742 0.93
18
TSS lA -7.3572 0.51261 0.75
18 1.14735 0.01625 0.88
Prediction equations for TKN at site lA were not ignificant (a. =0.05).
0.67209 0.26655 0.87
0.71649 0.22689 0.86
0.64067 0.32550 0.86
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Table 12. (continued)
y=a+bx bX by= ae -1 y=ax -1
Variable Site a b r2 a b r2 a b r2
P04-p 2A 0.99836 0.00054 0.10
2B 0.99972 0.000003 0.68
TP 2A 1.00055 0.00002 0.48
2B 0.99954 0.00003 0.36
N03-N 2A 1.00091 0.00003 0.68
2B 0.94431 0.01606 0.66
TKN 2A 0.93950 0.02124 0.19
2B 0.86157 0.04109 0.26
Ca 2A -0.08992 0.00270 0.93
2B 1.01565 0.00107 0.90
Mg 2A -0.08322 0.00231 0.91
2B 1.00023 0.00096 0.87
K 2A 0.00918 0.00060 0.88
2B 1.00217 0.00047 0.93
Na 2A -0.05190 0.00231 0.96
2B 1.05061 0.00097 0.88
TSS 2A -2.62220 0.02534 0.64
2B 0.04560 0.81381 0.67
Table 12. (continued)
y=a+bx bXY= ae -1
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by=ax -I
Variable Site a b a b a b
P04-p 3A
38 0.00002 0.0000009 0.87
TP 3A 0.00024 0.00001 0.47
38
N03-N 3A 1.01228 0.00009 0.57
38 0.02024 0.00010 0.80
TKN 3A
38
Ca 3A 0.96602 0.00116 0.87
38 -0.30555 0.00182 0.93
Mg 3A 0.96661 0.00102 0.83
38 -0.21688 0.00139 0.88
K 3A 0.98258 0.00053 0.93
38 1.01828 0.00031 0.46
Na 3A -0.03428 0.00146 0.92
38 -0.17599 0.00149 0.96
TSS 3A 0.97548 0.00422 0.79
38
0.99823 0.00045 0.14
0.93875 0.01176 0.57
0.82894 0.04451 0.18
0.73887 0.05929 0.09
0.00050 1.49175 0.58
III
Table 12. (continued)
0.94850 0.02653 0.04
bX
-I b -1y= ae y= ax
r
2 b r1 b 2a a r
1.00036 0.000002 0.05
1.00231 0.00001 0.15
0.95977 0.01460 0.03
0.97602 0.01003 0.35
y=a+bx
Variable Site a b
TP AlIA
AlIB
P04-P AlI A
AlIB
N03-N All A
All B 1.01538 0.00010 0.25
TKN All A 0.01581 0.00012 0.11
All B
K All A 0.08397 0.00049 0.45
AlIB 1.16798 0.00033 0.07
Na AliA 0.14659 0.00172 0.66
All B 1.28584 0.00065 0.27
Ca AliA 0.01136 0.00226 0.82
AlIB 1.17331 0.00080 0.46
Mg All A 0.00932 0.00191 0.79
AlIB 1.14429 0.00069 0.44
TSS AlI A 1.40296 0.00259 0.44
AlI B 1.55696 0.00267 0.29
Predictioo equations for P04-P at "All A" sites were not significant (a = 0.05)
y=a+bx
bxY= ae -1
bY= ax -I
Linear regression [derivation of a and b was as follows: y regressed against x using
SAS Proc Reg]; where y = water quality variable value in mg L'I,
y = predicted variable value in mg C 1, a = parameter estimate of intercept,
b = parameter estimate ofx, x = discharge value in L sec,l
Exponential function [derivation of a and b was as follows: log(y+ 1) regressed against
x using SAS Proc Reg]; where y = water quality variable value in mg C l ,
a = e(parnmeterestofintercept), e = 2.71828 = natural logarithm, b = parameter est. ofx,
y = predicted variable value in mg C 1, x = discharge value in L sec,l
Power function [derivation ofa and b was same as exponential function above except
log x was used rather than x in the SAS Proc Reg procedure].
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Table 13. Values of regression coefficients (a and b) and coefficients of determination (r)
for mass losses (y) of9 variables versus TSS (x) at six sites on two streams
in Nac.Qgdoches County, Texas.
1.00150 0.00117 0.50
1.46198 0.09576 0.59
1.54969 0.11592 0.64
1.1 0806 0.057932 0.34
6y=ax ·1
ba
y=a+bx bXY= ae ·1
Variable Site b 2 b r2a r a
P04·P IA
18
TP lA 1.00224 0.00088 0.65
18 0.00944 0.00034 0.99
N03·N lA 1.00512 0.00123 0.72
18 0.01367 0.00014 0.90
TKN lA
18
Ca lA 0.24083 0.01419 0.57
18
Mg IA 0.20806 0.01223 0.56
18
K lA 0.18359 0.01396 0.76
18 0.37170 0.00266 0.96
Na IA 0.44165 0.02298 0.55
18 0.80653 0.00152 0.75
Disch lA 16.32672 1.48044 0.75
18 25.106810,411730.75
Prediction equations for P04.p and TKN were not significant (a = 0.05) at site lA.
Table 13. (continued)
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Variable Site a
P04-P 2A
2B
TP 2A
2B
N03-N 2A
2B
TKN 2A
2B
y=a+bx
b a
bXY=ae -1
b
by=ax -1
b 2a r
1.00110 0.00053 0.12
1.00057 0.00028 0.24
1.00649 0.00330 0.45
1.00951 0.00495 0.36
1.01020 0.00506 0.68
1.02653 0.01046 0.82
1.04724 0.02222 0.30
1.06177 0.02443 0.31
Ca 2A 0.32470 0.06976 0.61
2B
Mg 2A 0.27361 0.05913 0.59
2B
K 2A 0.09652 0.01664 0.68
2B
Na 2A 0.30296 0.05967 0.63
2B
Disch 2A
2B
1.45232 0.13790 0.52
1.37670 0.11973 0.47
1.17291 0.06455 0.63
1.45500 0.13214 0.58
149.8427 0.64441 0.68
175.6150 0.52706 0.83
Table 13. (continued)
y= a + bx hiY= ae -1
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by=ax -1
Variable Site a b a b a b
P04-P 3A
3B 1.00035 0.00015 0.48
TP 3A
3B 0.00223 0.00047 0.80
1.00304 0.00 151 0.48
N03-N 3A
3B
TKN 3A
3B
Ca 3A
3B
Mg 3A
3B
K 3A
3B
Na 3A
3B
Disch 3A
3B
0.02504 0.00165 0.77
1.00329 0.00445 0.69
1.05791 0.01581 0.48
1.29107 0.12024 0.53
1.31967 0.14192 0.44
1.24513 0.10243 0.48
1.26361 0.11677 0.40
1.12033 0.05826 0.65
1.14481 0.04880 0.23
1.28703 0.10171 0.63
1.34790 0.11516 0.44
160.9848 0.44326 0.73
319.2320 0.28248 0.59
Prediction equations for P04-P were not significant (n = 0.05) at site 3A
Prediction equations for TKN were not significant (n =0.05) at site 3B
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1.00554 0.00300 0.37
1.00101 0.00036 0.06
1.00084 0.00076 0.35
1.06874 0.04262 0.28
1.18897 0.05837 0.50
1.45203 0.11218 0.45
1.39747 0.12454 0.46
1.43263 0.12704 0.54
1.34053 0.10996 0.42
1.35966 0.10661 0.49
Table 13. (continued)
y=a+bx hiy=ae -1
Variable Site b 2 b r2a r a
P04-p AlIA
All B
TP AliA
AlIB 0.00614 0.00035 0.99
N03-N AliA 0.01122 0.00145 0.58
AlIB 0.03456 0.00013 0.73
TKN AliA 0.01739 0.00359 0.28
AlIB
K All A
AlIB 0.22163 0.00271 0.94
Na All A
All B 0.57730 0.00159 0.59
Ca AlIA
All B
Mg All A
All B
a
by=ax -I
b
Disch All A
All B
y=a+bx
bxY = ae -1
by=ax -1
87.13494 0.50241 0.42
116.3735 0.39938 0.36
Linear regression [derivation ofa and b was as follows: y regressed against x using
SAS Proc Reg]; where y = water quality variable value in mg C I ,
y = predicted variable value in mg C 1, a = parameter estimate of intercept.
b = parameter estimate of x, x = TSS value in L sec-I
Exponential function [derivation of a and b was as follows: log(y+ 1) regressed against
x using SAS Proc Reg]; where y = water quality variable value in mg L-I ,
a = e(Parameter est.of intercept), e = 2.71828 = natural logarithm, b = parameter est. of X,
Y= predicted variable value in mg C 1, x = TSS value in L sec·1
Power function [derivation of a and b was same as exponential function above except
log x was used rather than x in the SAS Proc Reg procedure].
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Stonn Runoff
Rainfall observed during the study period at the study weather station (Figure 1)
along with the long-tenn record (1901-93) from the SFASU ationa! Weather Service
weather station at acogdoches, Texas (Chang etal, 1996) are given in Table 14 for
comparison. Distance between the two weather stations is approximately 11 kilometers.
Total rainfall during the nine-month study period at the study weather station was about
87 em, essentially the same as the long-term record observed at the SFASU weather
station. However, the study site received 11.75 em more rainfall than the 93-year average
for the first two months totaled, but 12.16 em less than the 93-year average during the last
seven months of the study totaled.
Table 14. Comparison of precipitation amounts (em) from study weather station and
SFASUINWS weather station for months March through November.
Month
March
April
May
June
July
August
September
October
November
Total
1995
Study
11.50
21.74
9.37
4.90
10.88
5.46
9.09
9.27
4.42
86.63
Mean of 1901-93
(Chang etaL 1996)
9.86
11.63
13.06
9.68
8.97
6.38
8.10
8.51
10.85
87.04
Difference
+ 1.64
+10.11
- 3.69
- 4.78
+ 1.91
- 0.92
+ 0.99
+ 0.76
- 6.43
- 0.41
In terms of monthly precipitation, there were five months with total rainfall greater than
the 93-year average and four months less than the 93-year average. The differences
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ranged from +10.11 cm in March to -6.43 cm in November. Seventy-seven percent of the
excess rainfall in March and April occurred in four separate rain events (Appendix A,
Table A2), two in March and two in April.
Since soils were already saturated during that season, excessive stonnflows from
those rain events caused flooding at the stream sites. As a result, stormflow samples were
contaminated or the equipment malfunctioned or both. This explains why there were so
few automatic samples collected in the study. Most of the storms at the beginning of the
study flooded the equipment, and most of the rain events in the latter portion of the study
were not sufficient to raise stream levels to the point of initiating the samplers.
Consequently, it was not possible to compare concentrations among samples collected
sequentially during storm events during the study period due to lack of sufficient numbers
of stormflow samples.
Rapid Bioassessment
Benthic macroinvertebrate samples collected from Waffelow and Terrapin creeks
in April and October, 1995 are presented in Appendix C, Table Cl. Mean diversity index
(H) and eveness (E) values indicate low to moderate stress for aquatic life (H > 1.0 and E
> 0.5) and the mean EPT index was high to exceptional (BPT > 7) at all sites except site
3B which had an intermediate index level (EPT = 6). Dissolved oxygen levels ranged
from 6.1 to 8.5 mg L-1 for the sample dates, which is well above the required mean of5.0
mg L-1 for supporting aquatic life in East Texas streams. These data indicate the two
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study streams are in good health for aquatic organisms and supports the findings of low
levels of nutrient elements discussed earlier. Table 15 gives ranges of the indices obtained
in the study streams.
Table 15. Stress levels for aquatic organisms for several diversity indices.
Stress Diversity Index
Level Wilhm & Dorris (1968)
Evenness
Klemm eta1 (1990)
Richness EPT Index
Wilhm & Dorris (1968) Twidwell & Davis (1989)
Very Low
Low
Inter.
High
>3.0
1.0-3.0
<1.0
0.5
<0.5
>10
>3.0 7-10
3-6
<1.0 < 2
SUMMARY AND CO CLUSIO S
Water quality of streams, especially those contributing to lakes and reservoirs that
are used for recreation and drinking water, is a paramount concern in East Texas today
due to increasing demand by an ever larger population. Increasing growth of the poultry
industry in East Texas bas raised concerns about utilization of wastes from that industry.
Poultry litter is conventionally land-applied on hay meadows as fertilizer, which may be a
substantial non-point source ofpollution to area streams and lakes.
Stephen F. Austin State University and the Angelina & Neches River Authority,
supported by the Texas Natural Resource Conservation Commission, jointly conducted a
study to evaluate the water quality condition of selected streams that may be affected by
poultry litter applications in Nacogdoches County, Texas. Waffelow Creek and Terrapin
Creek were selected for the study and were monitored between March and November
1995 as part of the joint effort study. Both streams flow to the Attoyac River, a major
source stream for Sam Rayburn Reservoir.
Each stream site was equipped with an Isco Model 3230 Bubbler Flow Meter and
an Isco Model 3700 Portable Sampler in an instrument shelter. Stream water samples
were collected manually once per week and automatically when stream levels rose above a
predetermined stage for each site. Water quality variables monitored and analyzed were
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phosphate phosphorus, total phosphorus, nitrate nitrogen, total Kjeldahl nitrogen, calcium,
magnesium, potassium, sodium, pH, dissolved oxygen, and total suspended solids, along
with stream discharge. A rapid bioassessment was conducted in the spring and fall of
1995 to assess the benthic macroinvertebrate community.
Based on data collected in a nine-month period (March - November 1995), the
following conclusions can be drawn:
(1). General water quality of these two streams was good. Mean concentrations
of all parameters monitored were within levels required by state and federal regulations.
Stress sensitive benthic macroinvertebrate species were sufficiently abundant to support
findings ofgood water quality conditions indicated by chemical analyses.
(2). Despite long-term (20-50 years) application of poultry litter in the pastured
areas of the study streams, no adverse effects to water quality were detected during the
study period.
(3). Natural vegetative buffer zones of between 15 and 150 meters exist along
streams banks in the pastured areas. They are thought to be the major factor preventing
high levels of nutrient elements from entering these streams.
(4). Concentration PO~-P in the study streams ranged from 0.320 mg L'I to less
than 0.008 mg L'l with a mean ofabout 0.008 mg L'I for both forested and pastured sites.
Only two individual samples violated the federal water quality standard (0.10 mg L'I) and
only 8% exceeded the critical level (0.01 mg L'I) for excessive aquatic plant growth in
lakes and reservoirs.
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(5). Mean nitrate nitrogen concentrations ranged from 0.097 to 0.810 mg L-t, well
below the federal drinking water standard of 10.0 mg L·1• However, it was in excess of
the amount necessary to stimulate excessive plant growth (0.30 mg L· t ) at several of the
stream monitoring sites. In spite of excessive nitrate nitrogen in these streams, no
excessive algal growth was found. Extremely low phosphate phosphorus concentrations,
along with flowing stream conditions, may have been some of the factors suppressing
plant growth in these streams.
(6). While mean concentrations and losses ofmonitored parameters at aU sites
were low, they were consistently higher at pastured sites. However, due to the large size
of the watersheds, the higher levels of element concentrations and losses at pastured sites
could be attributed to poultry litter applications, cattle, and other agricuhural activities.
Funher studies of non-fertilized pastured sites compared to fertilized pastured sites in
much smaller, more controlled watersheds should be conducted to establish any
association between litter application and increased nutrient levels in stream waters.
(7). Land management practices within these watersheds appears to have been
adequate to control excessive algal growth in these streams. However, because 64%
samples at pastured sites had nitrate-nitrogen concentrations that exceeded the critical
level for excessive aquatic plant growth and phosphate phosphorus appears to be a
limiting factor, continued monitoring of 03-N and P04-P is recommended. There should
be no reason to alter current land management practices in these areas with regards to
prevention ofeutrophic conditions in these streams.
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(8). Nitrates, phosphates, and total suspended solids tend to accumulate in lakes
and reservoirs. The input ofP04-P, N03-N, and TSS to the Attoyac River from these two
study streams combined is estimated to be about 3.9,12.8, and 31,795 metric tons per
year, respectively. Many other streams similar to Waffelow and Terrapin creeks also
contribute to the Attoyac River. Further studies should be conducted to assess the impact
on Sam Rayburn Reservoir by nutrient contribution ofother streams within the Attoyac
River watershed.
(9). There are weak to strong relationships between concentrations and total
losses of water quality variables and stream discharge or between those variables and total
suspended solids in the study streams. However, the relationships are generally stronger
for total losses than for concentrations and can be described through linear-regression,
exponential, or power functions. In streams where concentrations ofnutrient elements are
low and streamflow fluctuations are small, such as forested watersheds, a linear-regression
function is adequate to descnbe their relationships. Watersheds with accelerated losses of
water quality variables may need power or exponential functions to describe their
relationships with streamflow or total suspended solids.
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Table AI. Data points (bubbler tube depth and discharge) used in detennining discharge for samples at six sampling
sites on two East Texas streams.
Waffelow Creek Terrapin Creek
_. --
IA 18 2A 28 3A 38
. ---
Data Depth Disch Disch Depth Disch Disch Depth Disch Disch Depth Disch Disch Depth Disch Disch Depth Disch Disch
Point (m) (cfs) (LIs) (m) (cfs) (Us) (m) (cfs) (LIs) (m) (cfs) (LIs) (m) (cfs) (Us) (m) (cfs) (LIs)
I 0.183 2.21 63 0.137 7.66 217 \.355 100.02 2833 1.311 83.33 2360 0.686 39.4 1115 1.018 87.9 2490
2 0.168 0.64 18 0.053 2.19 62 0.640 31.10 881 0.800 35.54 1006 0.579 40.2 1139 0.884 72.0 2039
3 0.160 0.53 15 0.052 1.15 32 0.579 24.62 697 0.640 23.82 675 0.335 15.6 443 0.655 27.0 766
4 0.160 0.37 II 0.046 1.34 38 0.518 19.63 556 0.579 20.33 576 0.312 17.2 488 0.655 37.1 1050
5 0.156 0.60 17 0.038 1.06 30 0.495 9.23 261 0.564 12.11 343 0.305 16.3 462 0.610 31.1 882
6 0.152 0.95 27 0.030 0.76 22 00488 14.54 412 0.558 18.02 510 0.244 14.2 403 0.564 29.6 838
7 0.149 1.21 34 0.023 0.50 14 0.465 11.5\ 326 0.541 16.09 456 0.236 11.3 320 0.549 7.2 204
8 0.145 0.69 20 0.015 1.25 35 0.457 11.18 317 0.495 6.69 189 0.213 10.3 292 0.54\ 8.5 241
9 0.137 1.28 36 0.450 11.69 331 0.488 9.21 261 0.206 8.6 245 0.533 18.3 5\7
10 0.130 1.02 29 0.419 7.08 200 0.457 9.\2 258 0.198 7.5 212 0.526 10.3 291
II 0.122 0.67 19 0.404 9.32 264 0.450 12.92 366 0.175 6.8 193 0.518 13.4 381
12 0.114 0.41 II 0.366 6.47 183 0.411 7.38 209 0.168 8.7 245 0.511 13.3 376
\3 0.084 0.95 27 0.358 7.24 205 0.389 3.99 1\3 0.160 5.6 159 0.472 20.6 583
\4 0.076 0.32 9 0.335 4.24 120 0.381 6.31 179 0.152 6.\ 173 0.465 13.8 391
\5 0.040 0.22 6 0.328 4.45 126 0.351 5.16 146 0.137 5.2 149 0.442 17.7 501
\6 0.305 2.60 74 0.335 4.36 124 0.434 12.2 345
17 0.198 0.88 25 0.305 2.92 83 0.4 II 28.6 809
18 0.183 0.68 19 0.067 1.41 40 0.373 13.7 388
19 0.046 1.17 33 0.236 9.8 277
20 0.037 0.99 28 0.122 4.3 122
21 0.099 3.5 100
22 0.091 3.0 85
_.
- -- ---- -- -
Depth reading is in meters from stream surface to bubbler tube attachment on stream bottom.
-c...,)
-...)
Table A2. Depth and discharge for six sampling sites on two East Texas streams and rainfall at the weather station.
Terrapin Creek
w
00
1.14
4.06
4.70
1.22
0.38
1.02
1.93
0.38
8.00
0.76
0.89
8.76
Weather
Station
Rainfall
(cm)_
577
408
825
470
605
1630
1700
3B
2 0.692
II 0.838
M 0.591
Depth Disch
ID_(m) (Lis)
1
9
M 0.500
M 0.442
I 0.671 1060
M 0.491
M 0.402
24 2.621 12800·
M 0.479 518
I 0.387 603
17 0.497 845
M 0.216 292
M 0.305 445
24
M 0.207 270
M 0.180 225
M 0.302 444
M 0.241 330
573
355
220
615
475
1070
2060·
4350·
333
28 3A
----
Depth Disch Depth Disch
(m) (Lis) ill (m) (Lis)
0.579 548 I
0.604 608 6
I 0.716 840
16 1.045 1640
165 M 0.408
530 M 0.591
531 M 0.610
358 M 0.543
273 M 0.482
797 I 0.777
3450· 10 1.204
6575- 19 1.896
285 M 0.472
2 0.701 1020
10 0.997 1810
M 0.509
M 0.357
M 0.512
M 0.445
M 0.405
47
54
75
81
165
487
470
28
0.146
M 0.034
M 0.073
M 0.030
20 0.143
M 0.021
M 0.043
M 0.046
18 2A
Depth Disch Depth Disch
ID (m) (Lis) ID (~~ ID
I 0.579 712 I
6 0.588 713 6
Waffe10w Creek
0.835 450·
IA
4 0.183 36
6 0.274 71
13 0.183 36
M 0.152 _-=2:.:-7_...::.:..::---=...::::..::.
M 0.192 39
M 0.110 15
Depth Disch
ID (m) (Lis
M 0.040 6
M 0.134 21
M 0.219 49
Date
03/03/95
03/03/95
03/04/95
03/06/95
03/07/95
03/13/95
03/20/95
03/23/95
03/26/95
03/27/95
03/29/95
04/03/95
04/04/95
04/05/95
04/05/95
04/05/95
04/06/95
04/06/95
04/10/95
04/18/95
04/20/95
04/22/95
04/22/95
04/22/95
05/01/95
Table A2. (continued)
----
Waffelow Creek Terrapin Creek Weather
- -~---- --- --~- - - - -~---
lA IB 2A 2B 3A 3B Station
---- - - - - - -
Depth Disch Depth Disch Depth Disch Depth Disch Depth Disch Depth Disch Rainfall
Date ID (m) (U.& ID (m) (Us) ID (m) (LILlO (m) (Lis) lD (m) (Us) ID (m2 (Us) (cm)
- -
~-
05/03/95 0.76
05/04/95 M 0.152 27 M 0.012 15 M 0.457 398 M 0.558 505 M 0.219 290 M 0.482 522
05/06/95 1.02
05/08/95 17 0.274 71 1 0.610 797 I 0.579 548 I 0.652 1000 3.81
05/08/95 23 0.305 85 24 1.524 3500· 24 1.347 2450· 12 1.341 4700·
05/09/95 M 0.037 60 M 0.616 1100
05/12/95 1.65
05/15/95 M 0.152 27 M 0.049 90 M 0.399 262 M 0.500 397 M 0.186 230 M 0.433 430
05/18/95 I 0.415 295 I 0.701 800 1 0.381 590 1 0.628 920 1.37
05/18/95 M M 4 0.573 708 7 0.713 820 4 0.543 940 10 0.396 370
OS/23/95 M 0.122 19 M 0.027 40 M 0.297 82 M 0.343 132 M 0.137 155 M 0.343 310
05/30/95 I 0.262 360 I 0.497 560 0.76
05/30/95 7 0.256 355 5 0.485 560
05/31/95 M 0.299 82 M 0.335 120 M 0.168 200 M 0.405 410
06/01/95 0.64
06/05/95 M 0.235 34 M 0.265 65 M 0.094 95 M 0.280 245
06/10/95 0.51
06/11/95 1.14
06/12/95 M 0.122 19 M 0.030 47 M 0.241 35 M 0.265 65 M 0.094 95 M 0.305 275
06/20/95 M 0.122 19 M 0.030 47 M 0.\98 20 M 0.213 50 M 0.061 55 M 0.229 193
06/22/95 0.25
06/23/95 2.36
06/26/95 M M 0.003 4 M 0.189 18 M 0.207 50 M 0.061 55 M 0.216 183
07/03/95 M 0.069 9 M 0.003 4 M 0.186 17 M 0.204 49 M 0.067 60 M 0.229 193
07/05/95 2.4\ w
- ------- ---- ------ -
-
_. -
\D
Table A2. (continued)
-----
Waffelow Creek !errapinC~ Weather
-- - - -- -
IA 18 2A 28 3A 38 Station
-- - - --
Depth Disch Depth Disch Depth Disch Depth Disch Depth Disch Depth Disch Rainfall
Date 10 (m) (Us) 10 (m) (Us) 10 (m) (Lis) 10 _em) (Lis) 10 (m) (Us) 10 (m) (Us) _ (cm)
07/10/95 M 0.069 9 M 0.003 4 M 0.183 15 M 0.198 48 M 0.049 45 M 0.238 205
07/13/95 0.89
07/15/95 0.58
07/18/95 M 0.079 10 M 0.021 28 M OJ17 100 M OJ75 172 M 0.177 220 I 2.11
07/18/95 1 OJ20 102 1 0.488 362 2
07/19/95 OJ8
07/25/95 M 0.076 10 M 0.003 4 M 0.177 14 M 0.457 305 M 0.055 50 M 0.226 190
07/29/95 1.73
07/30/95 1.52
07131/95 M 0.101 14 M 0.015 19 M 0.256 47 M 0.259 62 M 0.207 270 M 0.357 335 1.27
08/01/95 2.79
08/06/95 OJ8
08/08/95 M 0.082 II M 0.003 4 M 0.165 12 M 0.174 44 M 0.067 60 M 0.213 180
08/14/95 2.29
08/15/95 M 0.076 10 M 0.012 15 M 0.180 15 M 0.171 44 M 0.070 61 M 0.280 245
08/21/95 M 0.070 9 M 0.003 4 M 0.177 14 M 0.174 44 M 0.043 35 M 0.235 204
08/28/95 M 0.030 5 M 0.003 4 M 0.165 12 M 0.128 40 M 0.034 25 M 0.274 237
09/05/95 M 0.113 17 M 0.018 24 M 0.219 28 M 0.195 48 M 0.110 118 M OJI4 282 1.73
09/12/95 M 0.085 12 M 0.003 4 M 0.168 13 M 0.140 41 M 0.043 35 M 0.259 222
09/17/95 2.16
09/19/95 M 0.111 17 M 0.014 19 M 0.177 14 M 0.158 42 M 0.061 55 M 0.262 224
09/20/95 3.94
09/21/95 1.27
09/26/95 M 0.137 22 M 0.003 4 M 0.177 14 M 0.137 41 M 0.058 54 M 0.253 218
10/02/95 I 0.128 385 I 0.457 305 I 0.241 330 I OJ81 367 9.14 ~
-- -
._-- 0
Table A2. (continued)
Waffelow Creek Terrapin Creek Weather
-- -
IA IB 2A 2B 3A 3B Station
-- -- -- --
Depth Disch Depth Disch Depth Disch Depth Disch Depth Disch Depth Disch Rainfall
Date ID (m) (LIs) ID (m) (LIs) ill (m) (LIs) ID (11'!.L (LIs) ID (m) (Lis) ill ~_ (Us) (cf!!L
-
10/02/95 4 0.146 487
10/02/95 16 0.076 175
10/03/95 5 0.207 270
10/03/95 M 0.099 14 M 0.015 19 M 0.448 355 M 0.536 457 M 0.183 228 M 0.396 393
10/10/95 M 0.099 14 M 0.003 4 M 0.180 15 M M 0.074 70 M 0.229 193
10/17/95 M 0.101 14 M 0.015 19 M 0.210 27 M 0.162 43 M 0.061 55 M 0.232 194
10/24/95 M 0.099 14 M 0.017 24 M 0.217 31 M 0.171 44 M 0.091 95 M 0.241 207
10/25/95 0.13
10/31/95 M 0.101 14 M 0.018 24 M 0.235 34 M 0.186 46 M 0.107 115 M 0.293 260
11/01/95 2.54
11/04/95 1.17
11/07/95 M 0.226 32 M 0.213 50
11/10/95 0.71
11/14/95 M 0.099 14 M 0.024 35 M 0.290 70 M 0.216 50 M 0.126 140 M 0.326 295
11/22/95 M 0.101 14 M 0.027 40 M 0.346 132 M 0.229 52 M 0.134 150 M 0.360 340
11/28/95 M 0.100 14 M 0.027 40 M 0.376 195 M 0.236 55 M 0.131 145 M 0.387 377
-_._-
------- - -- ---- ----
• Estimated discharge values. Observed data are not available for accurate determination of discharge curves at these extreme depths. These values
are not used in any calculations in this study.
Note: Depth readings shown here are depth of bubbler tube altatchment to stream bottom (Figure 2).
~
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Table B 1. Phosphate-phosphorus concentration and discharge for 6 sampling sites on two Nacogdoches Co., Texas streams.
Waffelow Creek Terrapin Cree!_ _ __
-- -- ---
2A 28 3A 38
---- --- -- -
Disch P04-P Disch P04-P Disch P04-P Disch P04-P Disch P04-P Disch
Date rD (mgIL) (Lis) rD (mg/L) (Lis) ill (mgIL) (Lis) ill (mgIL) (Lis) ill (mgIL) (Lis) ill (mB!!-l (Lis)
03/03/95 I 0.019 712 I 548 I 0.017 I 0.028
03/03/95 6 713 6 0.017 608 6 9
03/06/95 M 15 M 0.023 54 M 0.015 530 M 573 M 0.051 445 M 825
03/20/95 M <0.008 21 M <0.008 75 M <0.008 531 M <0.008 615 M <0.008 444 M <0.008 577
03/23/95 M 0.016 49 M <0.008 81 M <0.008 358 M <0.008 475 M <0.008 330 M <0.008 408
03/27/95 M 0.014 6 M <0.008 165 M <0.008 273 M <0.008 355 M <0.008 292 M <0.008 470
04/03/95 M 0.033 39 M <0.008 47 M <0.008 165 M <0.008 220 M <0.008 225 M <0.008 605
04/05/95 4 <0.008 36 I <0.008 603 2 <0.008 1630
04/05/95 6 <0.008 71
04/05/95 13 <0.008 36
04/06/95 2 <0.008 1020 I <0.008 840
04/06/95 10 <0.008 1810 16 0.017 1640 17 <0.008 845 11 <0.008 1700
04/22/95 1 0.016 450· I 0.013 487 1 0.011 797 I <0.008 1070 I 0.013 I <0.008 1060
04/22/95 10 <0.008 3450· 10 0.098 2060·
04/22/95 20 0.010 470 24 <0.008 6575· 19 <0.008 4350· 24 <0.008 24 0.014 12800·
05/01/95 M <0.008 27 M <0.008 28 M <0.008 285 M <0.008 333 M <0.008 270 M <0.008 518
05/04/95 M 0.011 27 M <0.008 15 M <0.008 398 M <0.008 505 M <0.008 290 M <0.008 522
05/08/95 17 0.017 71 1 <0.008 797 1 <0.008 548 I <0.008 1000
05/08/95 23 0.023 85 24 0.013 3500· 24 0.010 2450· 12 <0.008 4700·
05/09/95 M <0.008 60 M <0.008 1/00
05/15/95 M <0.008 27 M <0.008 90 M <0.008 262 M <0.008 397 M <0.008 230 M <0.008 430
05/18/95 I <0.008 295 I <0.008 800 I <0.008 590 I <0.008 920
05/18/95 M 0.055 M <0.008 4 <0.008 708 7 <0.008 820 4 <0.008 940 10 <0.008 370
OS/23/95 M <0.008 19 M <0.008 40 M <0.008 82 M <0.008 132 M <0.008 155 M <0.008 310
05/30/95 I <0.008 360 I 560 ~
v:.
Table Bl. (continued)
-- - ----
Waffelow Creek Terrapin Creek
- -
IA IB 2A 2B 3A 3B
- - -
----
P04-P Disch P04-P Disch P04-P Disch P04-P Disch P04-P Disch P04-P Disch
Date ID (mg/L) (Lis) ID (mgIL) (Lis) ID (mgIL) (Lis) ID (mgIL) (LisL ~(mgIL) (Lis) ID (mgIL) (Us)
05/30/95 7 <0.008 355 5 0.010 560
05/31/95 M <0.008 82 M <0.008 120 M <0.008 200 M <0.008 410
06/05/95 M <0.008 34 M <0.008 65 M <0.008 95 M <0.008 245
06/12/95 M <0.008 19 M <0.008 47 M <0.008 35 M <0.008 65 M 0.026 95 M <0.008 275
06/20/95 M <0.008 19 M <0.008 47 M <0.008 20 M <0.008 50 M <0.008 55 M <0.008 193
06/26/95 M <0.008 M <0.008 4 M <0.008 18 M <0.008 50 M <0.008 55 M <0.008 183
07/03/95 M <0.008 9 M <0.008 4 M <0.008 17 M <0.008 49 M <0.008 60 M <0.008 193
07/1 0/95 M <0.008 9 M <0.008 4 M <0.008 15 M <0.008 48 M <0.008 45 M <0.008 205
07/18/95 M <0.008 10 M <0.008 28 M <0.008 100 M <0.008 172 M <0.008 220 I <0.008
07/18/95 I <0.008 102 I ,,0.008 362 2 <0.008
07/25/95 M <0.008 10 M <0.008 4 M <0.008 14 M <0.008 305 M <0.008 50 M <0.008 190
07/31/95 M <0.008 14 M <0.008 19 M <0.008 47 M <0.008 62 M <0.008 270 M <0.008 335
08/08/95 M <0.008 II M <0.008 4 M <0.008 12 M <0.008 44 M <0.008 60 M <0.008 180
08/15/95 M <0.008 10 M <0.008 15 M <0.008 15 M <0.008 44 M <0.008 61 M <0.008 245
08121/95 M <0.008 9 M <0.008 4 M <0.008 14 M <0.008 44 M <0.008 35 M <0.008 204
08/28/95 M <0.008 5 M <0.008 4 M <0.008 12 M ""0.008 40 M ""0.008 25 M <0.008 237
09/05/95 M <0.008 17 M <0.008 24 M <0.008 28 M <0.008 48 M <0.008 118 M <0.008 282
09/12/95 M <0.008 12 M <0.008 4 M <0.008 13 M <0.008 41 M <0.008 35 M <0.008 222
09/19/95 M <0.008 17 M <0.008 19 M <0.008 14 M ---0.008 42 M <0.008 55 M <0.008 224
09/26/95 M <0.008 22 M <0.008 4 M <0.008 14 M <0.008 41 M <0.008 54 M <0.008 218
10/02/95 1 <0.008 385 I <0.008 305 I <0.008 330 I "-0.008 367
10/02/95 4 <0.008 487
10/02/95 16 <0.008 175
10/03/95 5 <0.008 270
10/03/95 M <0.008 14 M <0.008 19 M 0.169 355 M 0.015 457 M <0.008 228 M <0.008 393 ~~
Table B1. (continued)
---- ~-- - - - - - -- - - - -----
Waffelow Creek Terrapin Creek _
--- - -
-- -
IA 1B 2A 2B 3A 38
- - -- -
---
P04-P Disch P04-P Disch P04-P Disch P04-P Disch P04-P Disch P04-P Disch
Date ID (mgIL) (Lis) ID (mgIL) (Lis) ID ~) (L/sl ID (mgIL) (Llsl ID ~~s) ID (mgIL) (Lis)
-
10/1 0/95 M <0.008 14 M <.0.008 4 M <0.008 15 M <0.008 M <0.008 70 M <0.008 193
10/17/95 M <0.008 14 M <0.008 19 M <0.008 27 M <0.008 43 M <0.008 55 M <0.008 194
10/24/95 M 0.319 14 M <0.008 24 M <0.008 31 M <0.008 44 M <0.008 95 M <'0.008 207
10/31/95 M <0.008 14 M <0.008 24 M <0.008 34 M <0.008 46 M <0.008 115 M <.0.008 260
11/07/95 M <0.008 32 M <0.008 50
11/14/95 M <0.008 14 M <0.008 35 M <0.008 70 M <0.008 50 M <0.008 140 M <0.008 295
11/22/95 M <0.008 14 M <0.008 40 M <0.008 132 M <0.008 52 M <0.008 150 M <0.008 340
11/28/95 M <0.008 14 M <0.008 40 M <0.008 195 M <0.008 55 M <0.008 145 M <0.008 377
._-
-- ---- - --
• Estimated discharge values. Observed data are not available for accurate determination of discharge curves at these extreme depths. These values
are not used in any calculations in this study. Values less than 0.008 mg/L are below the detection limit of the Dionex DX500.
~
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Table 82. Total phosphorus concentration and discharge for six sampling sites on two Nacogdoches Co., Texas streams.
--- - -- -- -
Waffelow Creek _ Terrapin Cree"
--- - ----- - -
- .- - - - - - -
IA IB 2A 28 3A 38
---- - - --- -- --
- -
TP Disch TP Disch TP Disch TP Disch TP Disch TP Disch
Date ID (mgIL) (Us) 1D_(m~ (Lis) .J!? (m~)~/s) ID (mg/L) (LI~ -.-!Q (mg/L) (Lis) 10 (mgIL)~L
03/03/95 I 712 I 548 I I
03/03/95 6 713 6 608 6 9
03/06/95 M 15 M 54 M 530 M 573 M 445 M 825
03/20/95 M 0.000 21 M 0.000 75 M 0.000 531 M 0.034 615 M 0.000 444 M 0.030 577
03/23/95 M 0.019 49 M 0.018 81 M 0.063 358 M 0.104 475 M 0.034 330 M 0.047 408
03/27/95 M 0.006 6 M 0.024 165 M 0.038 273 M 0.048 355 M 0.028 292 M 0.035 470
04/03/95 M 0.022 39 M 0.033 47 M 0.012 165 M 0.020 220 M 0.007 225 M 0.000 605
04/05/95 4 0.017 36 I 0.038 603 2 0.043 1630
04/05/95 6 0.063 71
04/05/95 13 0.083 36
04/06/95 2 0.058 1020 I 0.046 840
04/06/95 10 0.078 1810 16 0.056 1640 17 0.042 845 J I 0.062 1700
04/22/95 I 0.067 450· I 0.250 487 1 0.002 797 I 0.408 1070 I 0.000 I 0.176 1060
04/22/95 10 0.191 3450· 10 0.168 2060·
04/22/95 20 0.137 470 24 0.000 6575· 19 0.419 4350· 24 0.000 24 0.299 12800·
05/01/95 M 0.013 27 M 0.000 28 M 0.043 285 M 0.052 333 M 0.027 270 M 0.016 518
05/04/95 M 0.008 27 M 0.022 15 M 0.068 398 M 0.056 505 M 0.071 290 M 0.060 522
05/08/95 17 0.072 71 I 0.107 797 I 0.249 548 1 0.153 1000
05/08/95 23 0.176 85 24 0.228 3500· 24 0.170 2450· 12 0.243 4700·
05/09/95 M 0.082 60 M 0.034 1100
05/15/95 M 0.023 27 M 0.023 90 M 0.052 262 M 0.059 397 M 0.023 230 M 0.049 430
05/18/95 I 0.157 295 1 0.065 800 I 0.000 590 1 0.143 920
05/18/95 M 0.004 M 0.070 4 0.060 708 7 0.072 820 4 0.033 940 10 0.054 370
OS/23/95 M 0.012 19 M 0.013 40 M 0.039 82 M 0.016 132 M 0.025 155 M 0.024 310
05/30/95 ) 0.082 360 I 560 ~
- 0\
Table 82. (continued)
- . - - - -
- .
Waffelow Creek Terrapin Creek
-- -- ------ - - - -- --
2A 2B 3A 38
-- -- - - - -
.---- -
Disch TP Disch TP Disch TP Disch TP Disch TP Disch
Date ro (mgIL) (LIs) ID (mgIL) (LIst ID (mgIL) (LlsL.jp..0tg/!J (LIs) lD (mgIL) (LIs) ID~sfl..:) (LIs)
---
05/30/95 7 0.145 355 5 0.071 560
05/31/95 M 0.083 82 M 0.094 120 M 0.049 200 M 0.103 410
06/05/95 M 0.220 34 M 0.099 65 M 0.012 95 M 0.035 245
06/12/95 M 0.036 19 M 0.014 47 M 0.082 35 M 0.072 65 M 0.054 95 M 0.023 275
06/20/95 M 0.007 19 M 0.179 47 M 0.046 20 M 0.062 50 M 0.045 55 M 0.050 193
06/26/95 M 0.018 M 0.019 4 M 0.135 18 M 0.095 50 M 0.041 55 M 0.026 183
07/03/95 M 0.005 9 M 0.018 4 M 0.098 17 M 0.114 49 M 0.005 60 M 0.000 193
07/10/95 M 0.003 9 M 0.000 4 M 0.062 15 M 0.085 48 M 0.003 45 M 0.019 205
07/18/95 M 0.766 10 M 0.034 28 M 0.277 100 M 0.091 172 M 0.000 220 I 0.906
07/18/95 I 0.258 102 1 0.156 362 2 0.916
07/25/95 M 0.023 10 M 0.048 4 M 0.104 14 M 0.088 305 M 0.034 50 M 0.024 190
07/31/95 M 0.009 14 M 0.053 19 M 0.073 47 M 0.101 62 M 0.058 270 M 0.071 335
08/08/95 M 0.030 11 M 0.078 4 M 0.201 12 M 0.219 44 M 0.124 60 M 0.110 180
08/15/95 M 10 M 15 M 15 M 44 M 61 M 245
08/21/95 M 0.131 9 M 0.048 4 M 0.089 14 M 0.085 44 M 0.134 35 M 0.043 204
08/28/95 M 5 M 4 M 12 M 40 M 25 M 237
09/05/95 M 0.036 17 M 0.045 24 M 0.042 28 M 0.072 48 M 0.018 118 M 0.020 282
09/12/95 M 0.000 12 M 0.023 4 M 0.027 13 M 0.042 41 M 0.000 35 M 0.002 222
09/19/95 M 0.007 17 M 0.040 19 M 0.040 14 M 0.068 42 M 0.043 55 M 0.022 224
09/26/95 M 0.009 22 M 0.008 4 M 0.064 14 M 0.044 41 M 0.01\ 54 M 0.018 218
10/02/95 I 1.092 385 1 0.213 305 I 0.113 330 I 0.103 367
10/02/95 4 0.609 487
10/02/95 16 0.528 175
10/03/95 5 0.051 270
10/03/95 M 0.046 14 M 0.080 19 M 0.445 355 M 0.274 457 M 0.03\ 228 M 0.082 393 ~
----
-:I
Table 82. (continued)
Waffelow Creek Terrapin Creek
---
-
IA 18 2A 28 3A 38
-- -
TP Disch TP Disch TP Disch TP Disch TP Disch TP Disch
Date ill (mgIL) (LIs) ill (mgIL) (LIs) ill (mgIL) (LIs) ill (mgIL) (LIs) ill (mgIL) (LIs) rD (mgIL) (LIs)
10/1 0/95 M 0.008 14 M 0.125 4 M 0.040 15 M 0.081 M 0.035 70 M 0.004 193
10/17/95 M 14 M 0.040 19 M 0.065 27 M 0.073 43 M 0.016 55 M 0.041 194
10/24/95 M 0.331 14 M 0.033 24 M 0.040 31 M 0.065 44 M 0.008 95 M 0.043 207
10131/95 M 0.019 14 M 0.012 24 M 0.012 34 M 0.037 46 M 0.032 115 M 0.006 260
11/07/95 M 0.035 32 M 0.050 50
11/14/95 M 0.044 14 M 0.043 35 M 0.035 70 M 0.048 50 M 0.015 140 M 0.012 295
11/22/95 M 0.014 14 M 0.040 40 M 0.060 132 M 52 M 0.Q31 150 M 0.032 340
11/28/95 M 0.000 14 M 0.000 40 M 0.025 195 M 0.015 55 M 0.001 145 M 0.000 377
- -
------- ._- ._---
• Estimated discharge values. Observed data are not available for accurate determination of discharge curves at these extreme depths. These values
are not used in any calculations in this study.
~
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Table B3. Nitrate-nitrogen concentration and discharge for six sampling sites on two Nacogdoches Co., Texas streams.
-- -- --- ----- - - ---
- ---
Waffelow Creek Ter~in Cree~
------ ------ - -
- "-- -- - -
IA 18 2A 28 3A 38
"-- ------- - - - - ----- -
N03-N Disch N03-N Disch N03·N Disch N03-N Disch N03-N Disch N03-N Disch
Date
-112" (mglL) (Lis) ID (mgIL) (Lis) ID (mgIL) (Llsl ---!Q" (mgIL) -.eLls) ~~) (Llsl _ ill _(.)--lLls)
03/03/95 I 0.059 712 1 0.187 548 1 0.334 I 0.510
03/03/95 6 0.057 713 6 0.162 608 6 0.310 9 0.432
03/06/95 M 0.083 15 M 0.065 54 M 0.072 530 M 0.182 573 M 0.351 445 M 0.474 825
03/20/95 M 0.055 21 M 0.059 75 M 0.051 531 M 0.205 615 M 0.343 444 M 0.530 577
03/23/95 M 0.050 49 M 0.045 81 M 0.033 358 M 0.199 475 M 0.353 330 M 0.546 408
03/27/95 M 0.052 6 M 0.053 165 M 0.051 273 M 0.273 355 M 0.415 292 M 0.588 470
04/03/95 M 0.091 39 M 0.Q71 47 M 0.072 165 M 0.322 220 M 0.490 225 M 0.657 605
04/05/95 4 0.098 36 I 0.285 603 2 0.568 1630
04/05/95 6 0.092 71
04/05/95 13 0.076 36
04/06/95 2 0.075 1020 I 0.238 840
04/06/95 10 0.098 1810 16 0.115 1640 17 0.285 845 11 0.457 1700
04/22/95 I 0.142 450'" I 0.191 487 I 0.175 797 1 0.421 1070 I 0.556 I 0.775 1060
04/22/95 10 0.201 3450'" 10 0.524 2060'"
04/22/95 20 0.099 470 24 0.209 6575'" 19 0.518 4350'" 24 0.165 24 0.217 12800'"
05/01/95 M 0.076 27 M 0.070 28 M 0.093 285 M 0.332 333 M 0.459 270 M 0.683 518
05/04/95 M 0.097 27 M 0.088 15 M 0.091 398 M 0.283 505 M 0.395 290 M 0.532 522
05/08/95 17 0.110 71 I 0.127 797 I 0.533 548 I 0.513 1000
05/08/95 23 0.277 85 24 0.141 3500'" 24 0.226 2450'" 12 0.376 4700'"
05/09/95 M 0.054 60 M 0.266 1100
05/15/95 M 0.092 27 M 0.075 90 M 0.107 262 M 0.320 397 M 0.477 230 M 0.673 430
05/18/95 1 0.175 295 I 0.481 800 1 1.048 590 I 0.743 920
05/18/95 M 0.167 M 0.124 4 0.127 708 7 0.345 820 4 0.327 940 10 0.419 370
05n3/95 M 0.113 19 M 0.096 40 M 0.137 82 M 0.473 132 M 0.593 155 M 0.820 310
05/30/95 . . . 1 0.371 360 I 560 ~
---
-- ------ - --- -- -
--------
-.a
Table 83. (continued)
-- - - -- -- - - - ----
Waffelow Creek Terrapin Cree~
-- -
--
IA 18 2A 28 3A 38
------ ---- --- -- - - -
-_.__.-
N03-N Disch N03-N Disch N03-N Disch N03-N Disch N03-N Disch N03-N Disch
Date 10 (mgIL) (Lis) ill (mgIL) (Us) --.!Q (mgIL) (Lis) ill (mgIL) (L&_ LD (mgIL) (Lis) LD (mgfL) (Us)
---
05/30/95 7 0.319 355 5 0.442 560
05/31/95 M 0.126 82 M 0.447 120 M 0.449 200 M 0.533 410
06/05/95 M 0.171 34 M 0.595 65 M 0.714 95 M 0.877 245
06/12/95 M 0.101 19 M 0.104 47 M 0.150 35 M 0.499 65 M 0.547 95 M 0.659 275
06/20/95 M 0.127 19 M 0.099 47 M 0.168 20 M 0.695 50 M 0.873 55 M 1.020 193
06/26/95 M 0.153 M 0.111 4 M 0.170 18 M 0.636 50 M 0.886 55 M 1.006 183
07/03/95 M 0.158 9 M 0.101 4 M 0.167 17 M 0.675 49 M 0.866 60 M 1.050 193
07/10/95 M 0.143 9 M 0.146 4 M 0.195 15 M 0.684 48 M 0.831 45 M 1.122 205
07/18/95 M 0.347 10 M 0.271 28 M 0.141 100 M 0.471 172 M 0.368 220 I 1.273
07/18/95 1 0.283 102 1 0.616 362 2 0.957
07/25/95 M 0.134 10 M 0.149 4 M 0.170 14 M 0.625 305 M 0.907 50 M 1.010 190
07/31/95 M 0.104 14 M 0.113 19 M 0.131 47 M 0.504 62 M 0.553 270 M 0.347 335
08/08/95 M 0.128 II M 0.149 4 M 0.253 12 M 0.579 44 M 0.842 60 M 0.981 180
08/15/95 M 0.140 10 M 0.167 15 M 0.\58 15 M 0.620 44 M 0.685 61 M 0.799 245
08/21/95 M 0.080 9 M 0.439 4 M 0.160 14 M 0.594 44 M 0.943 35 M 1.067 204
08/28/95 M 0.063 5 M 1.346 4 M 0.152 12 M 0.517 40 M 1.000 25 M 1.113 237
09/05/95 M 0.186 17 M 0.168 24 M 0.142 28 M 0.631 48 M 0.639 118 M 1.007 282
09/12/95 M 0.060 12 M 0.410 4 M 0.155 13 M 0.539 41 M 0.887 35 M 1.037 222
09/19/95 M 0.073 17 M 0.150 19 M 0.112 14 M 0.501 42 M 0.746 55 M 0.872 224
09/26/95 M 0.109 22 M 0.092 4 M 0.120 14 M 0.539 41 M 0.815 54 M 0.974 2\8
10/02/95 1 0.474 385 1 0.491 305 I 0.916 330 I 1.5 II 367
10/02/95 4 0.174 487
10/02/95 16 0.114 175
10/03/95 5 0.355 270
10/03/95 M 0.146 14 M 0.140 19 M 0.460 355 M 0.435 457 M 0.348 228 M 0.332 393 VI
0
Table B3. (continued)
- -- - - -
Waffelow Creek __. Terr~in Creek
- - - - --- --
IA 18 2A 28 3A 38
-- - - --- - - -
N03-N Disch N03-N Disch N03-N Disch N03-N Disch N03-N Disch N03-N Disch
Date ill (mgIL) (Lis) ill (mgIL) (Lis) ill (ms!!-) iLlsl ill (mgIL) (LIs) ill (mgIL) (LIs) ID (mgIL) (LIs)
- - -
10/1 0/95 M 0.123 14 M 0.068 4 M 0.111 15 M 0.553 M 0.823 70 M 0.987 193
10/17/95 M 0.014 14 M 0.Q28 19 M 0.Q78 27 M 0.566 43 M 0.857 55 M 1.007 194
10/24/95 M 0.032 14 M 0.087 24 M 0.122 31 M 0.541 44 M 0.797 95 M 0.950 207
10/31/95 M 0.015 14 M 0.005 24 M 0.074 34 M 0.511 46 M 0.727 115 M 0.856 260
11/07/95 M 0.081 32 M 0.450 50
11/14/95 M 0.000 14 M 0.000 35 M 0.122 70 M 0.453 50 M 0.729 140 M 0.855 295
11/22/95 M 0.000 14 M 0.000 40 M 0.103 132 M 0.197 52 M 0.713 150 M 0.836 340
11/28/95 M 0.000 14 M 0.000 40 M 0.076 195 M 0.220 55 M 0.684 145 M 0.736 377
-- -_. _.-
--- --- -
_._-
.-
-
• Estimated discharge values. Observed data are not available for accurate determination of discharge curves at these extreme depths. These values
are not used in any calculations in this study.
VI
Table B4. Original uncorrected total Kjeldahl nitrogen (TKN) concentration and discharge for six sampling sites on two
Nacogdoches County, Texas streams.
-----
V>
N
0.00 1700
0.00 1060
0.37 430
1.13 920
0,38 370
0.00 310
0.14 12800·
0.00 518
0.00 522
0.00 1000
0.00 4700·
3B
TKN Disch
to ~) (LIs)
I
9
M 825
M 577
M 0.00 408
M 0.04 470
M 0.19 605
2 0.14 1630
3A
17 0.00 845 II
1 0.07 I
M 0.05 1100
M 0.10 230 M
1 0.71 590 1
4 0.50 940 10
M 0.00 155 M
24 0.00 24
M 0.02 270 M
M 0.00 290 M
1
12
TKN Disch
ID (mgIL) (LIs)
1
6
M 445
M 444
M 0.00 330
M 0.03 292
M 0.18 225
I 0.00 603
______Tc:...e.:..:IT..:...a=pin Creek
1 0.00 840
16 0.00 1640
1 0.47 1070
10 0.09 2060·
19 0.33 4350·
M 0.04 333
M 0.00 505
I 0.00 548
24 0.00 2450·
M 0.35 397
1 0.36 800
7 0.43 820
M 0.00 132
262
295
708
82
1020
1810
797
3450·
6575·
285
398
797
3500·
60
90 M 0.09
1 0.53
4 0.17
40 M 0.00
2 0.00
10 0.00
487 1 0.48
10 0.41
470 24 0,36
28 M 0.06
15 M 0.00
1 0.00
24 0.00
0.15
M 0.00
M 0.00
M
M
M 0.00
M 0.00
M 0.19
M 0.00
M 0.56
20 0,36
M 0.50
M 0.00
450·
M 0.05
M 0.00 19
M 0.96 27
M 0.00 27
M 0.00 27
17 0.00 71
23 0.02 85
M 15
M 21
M 49
M 0.00 6
M 0.18 39
4 0.00 36
6 0.00 71
13 0.00 36
____________W:..:...affi=elow Creek
IA 1B 2A 2B~-
TKN Disch TKN Disch TKN Disch TKN Disch
ill (m~) (LI& ID (mgIL) (LIs) _ill (mgIL) (LIs) ill (mg/L) (L/~
1 712 1 548
6 713 6 608
54 M 530 M 573
75 M 531 M 615
81 M 0.01 358 M 475
165 M 0.02 273 M 0.10 355
47 M 0,31 165 M 0,31 220
Date
03/03/95
03/03/95
03/06/95
03/20/95
03/23/95
03/27/95
04/03/95
04/05/95
04/05/95
04/05/95
04/06/95
04/06/95
04/22/95
04/22/95
04/22/95
05/01/95
05/04/95
05/08/95
05/08/95
05/09/95
05/15/95
05/18/95
05/18/95
OS/23/95
Table B4. (continued)
VI
W
Disch
(LIs)
560
560
410
245
275
193
183
193
205
190
335
180
245
204
237
282
222
224
218
367
38
TKN
1D (mgjL)
I
5 0.00
M 0.00
M 0.09
M 0.00
M 0.00
M 0.01
M 0.11
M 1.21
I 0.03
2 0.04
M 0.10
M 0.11
M 0.23
M 0.00
M 0.22
M 0.00
M 0.00
M 0.13
M 0.00
M 0.00
I 0.16
50
270
60
61
35
25
118
35
55
54
330
Disch
(!./s)
360
355
200
95
95
55
55
60
45
220
5 0.14 270
M 0.03
M 0.03
M 0.11
M 0.04
M 0.25
M 0.00
M 0.00
M 0.11
M 0.00
M 0.00
I 0.15
_____ Terrapin Creek
3A
TKN
ill (~
I 0.00
7 0.00
M 0.01
M 0.10
M 0.04
M 0.00
M 0.00
M 0.13
M 0.16
M 0.10
M 0.00 120
M 0.12 65
M 0.00 65
M 0.00 50
M 0.15 50
M 0.09 49
M 2.97 48
M 0.07 172
I 0.15 362
M 0.01 305
M 0.04 62
M 0.28 44
M 0.20 44
M 0.11 44
M 0.00 40
M 2.47 48
M 0.27 41
M 0.09 42
M 0.00 41
I 0.42 305
28
TKN Disch
ID (m1¥L~ (LIs)
0.03 82
0.44 34
0.00 35
0.23 20
0.03 18
0.10 17
0.43 15
0.00 100
0.08 102
0.09 14
0.01 47
0.24 12
0.56 15
0.38 14
0.00 12
0.00 28
0.16 13
0.20 14
0.00 14
M
M
M 0.06 47 M
M 0.03 47 M
M 0.00 4 M
M 0.06 4 M
M 0.25 4 M
M 0.00 28 M
1
M 0.04 4 M
M 0.05 19 M
M 0.18 4 M
M 0.23 IS M
M 0.20 4 M
M O~O 4 M
M 0.23 24 M
M 0.11 4 M
M 0.36 19 M
M 0.00 4 M
1 0.00 385
4 0.00 487
16 0.54 175
19
19
9
9
10
]0
14
11
10
9
5
17
12
17
22
M 0.08
M 0.02
M 0.31
M 1.08
M 0.11
M 0.00
M 0.00
M 0.11
M 0.21
M 0.00
M 0.00
M 0.18
M 0.00
M 0.08
M 0.00
M 0.00
Waffelow Creek
---
IA 18 2A
------ --
TKN Disch TKN Disch TKN Disch
Date ID (mgIL) (LIs) .~~) (LlsL_~ (m~2 -iLls)
05/30/95
05/30/95
05/31/95
06/05/95
06/12/95
06/20/95
06/26/95
07/03/95
07/10/95
07/18/95
07/18/95
07/25/95
07/31/95
08/08/95
08/15/95
08/21/95
08/28/95
09/05/95
09/12/95
09/19/95
09/26/95
10/02/95
10/02/95
10/02/95
10/03/95
VI
~
Table 85. Estimated total Kjeldahl nitrogen (fKN) concentration and discharge for six sampling sites on two
Nacogdoches County, Texas streams.
-- - --
Waffelow Creek
- - - _._-
Terraoin Creek
VI
VI
430
920
370
310
825
577
<,0.050 408
0.176 470
0.752 605
0.570 1630
1.399
3.959
1.435
<'0.050
----
38
TKN Disch
(m~) (Usl
11 <00.050 1700
1 "-0.050 1060
24 0.566 12800·
M <0.050518
M <:0.050 522
I <00.050 1000
12 <0.050 4700·
0.217 1100
0.414 230
2.568 590
1.852 940
<0.050 155
3A
--- ---
TKN Disch
ID (mg/L) (Us)~
1 I
6 9
M 445 M
M 444 M
M <0.050 330 M
M 0.135 292 M
M 0.715 225 M
I <0.050 603 2
24 <0.050
M 0.092 270
M <0.050 290
17 <0.050 845
I 0.297
M
M
1
4
M
1 <0.050 840
16 <0.050 1640
I 1.749 1070
10 0.375 2060·
19 1.258 4350·
M 0.176 333
M <0.050 505
I <0.050 548
24 <0.050 2450·
M 1.329 397
I 1.364 800
7 1.610 820
M <0.050 132
28
-----
TKN Disch
ill (mg/L) (LIst
1 548
6 608
M 573
M 615
M 475
M 0.414 355
M 1.187 220
2 <0.050 1020
10 <0.050 1810
I 1.783 797
10 1.540 3450·
24 1.364 6575·
M 0.257 285
M <0.050 398
I <0.050 797
24 <0.050 3500·
M 0.375 262
1 1.956 295
4 0.678 708
M <0.050 82
0.604 487
20 1.364 470
M 1.852 28
M <0.050 15
M <0.050 60
M 2.059 90
M <0.050
M <0.050 40
450·
M 3.401 27
M <0.050 27
M <0.050 27
17 <0.050 71
23 0.092 85
M 0.217
M <0.050 19
IA 18
TKN Disch TKN Disch TKN Disch
pate ill (mg/L) (Us) ID (mg/L) (Us) ill (mgIL) (U~_
03/03/95 I 712
03/03/95 6 713
03/06/95 M 15 M 54 M 530
03/20/95 M 21 M 75 M 531
03/23/95 M 49 M <0.050 81 M 0.053 358
03/27/95 M <0.050 6 M <0.050 165 M 0.092 273
04/03/95 M 0.715 39 M 0.752 47 M 1.187 165
04/05/95 4 <0.050 36
04/05/95 6 <0.050 71
04/05/95 13 <0.050 36
04/06/95
04/06/95
04/22/95
04/22/95
04/22/95
05/01/95
05/04/95
05/08/95
05/08/95
05/09/95
05/15/95
05/18/95
05/18/95
OS/23/95
Table 85. (continued)
---- - - -- - - - - - -
Waffe10w Creek Terr~in Creek
--- -- -
- _.- -- - .. -
-- - ---
IA 18 2A 28 3A 38
- -- - -- ----
TKN Disch TKN Disch TKN Disch TKN Disch TKN Disch TKN Disch
Date lD (mg/L) (Us) ID (mgIL) (LIs) ID (mgIL) (Us) ID (mgIL) (LIs) ID (mg/L) (LIs) ID tmgIL) (Us)
05/30/95 I <0.050 360 1 560
05/30/95 7 <0.050 355 5 <0.050 560
05/31/95 M 0.135 82 M <0.050 120 M 0.049 200 M <0.050 410
06/05/95 M 1.645 34 M 0.490 65 M 0.414 95 M 0.375 245
06/12/95 M <0.050 19 M 0.257 47 M <0.050 35 M <0.050 65 M 0.176 95 M <0.050 275
06/20/95 M 0.715 19 M 0.135 47 M 0.899 20 M <0.050 50 M <0.050 55 M ,0.050 193
06/26/95 M <0.050 M <0.050 4 M 0.135 18 M 0.604 50 M <0.050 55 M 0.053 183
07/03/95 M 0.336 9 M 0.257 4 M 0.414 17 M 0.375 49 M 0.528 60 M 0.452 193
07/10/95 M <0.050 9 M 0.971 4 M 1.610 15 M 9.737 48 M 0.641 45 M 4.219 205
07/18/95 M <0.050 10 M <0.050 28 M <0.050 100 M 0.297 172 M 0.414 220 1 0.135
07/18/95 I 0.336 102 I 0.604 362 2 0.176
07/25/95 M 0.336 10 M 0.176 4 M 0.375 14 M 0.053 305 M 0.135 50 M 0.414 190
07/31/95 M 0.092 14 M 0.217 19 M 0.053 47 M 0.176 62 M 0.135 270 M 0.452 335
08/08/95 M 1.187 II M 0.715 4 M 0.935 12 M 1.079 44 M 0.452 60 M 0.899 180
08/15/95 M 3.795 10 M 0.899 15 M 2.059 15 M 0.789 44 M 0.176 61 M <0.050 245
08/21/95 M 0.452 9 M 0.789 4 M 1.435 14 M 0.452 44 M 0.971 35 M 0.862 204
08/28/95 M <0.050 5 M <0.050 4 M <0.050 12 M <0.050 40 M <0.050 25 M <0.050 237
09/05/95 M <0.050 17 M 0.899 24 M <0.050 28 M 8.201 48 M <0.050 118 M 0.050 282
09/12/95 M 0.452 12 M 0.452 4 M 0.641 13 M 1.044 41 M 0.452 35 M 0.528 222
09/19/95 M 0.826 17 M 1.364 19 M 0.789 14 M 0.375 42 M <0.050 55 M <0.050 224
09/26/95 M <0.050 22 M <0.050 4 M <0.050 14 M <0.050 41 M <0.050 54 M <0.050 218
10/02/95 I <0.050 385 1 1.575 305 1 0.604 330 1 0.641 367
10/02/95 4 <0.050 487
10/02/95 16 1.990 175
10/03/95 5 0.566 270 V'l
--- -
._0-
---- - - - 0'1
Table 85. (continued)
-
Waffelow Creek
-------
18 2A 28
Disch
(Us)
393
193
194
207
260
38
---
TKN
lQ (mWL)
M 1.293
M <0.050
M 0.414
M <0.050
M <0.050
140 M ,0.050 295
150 M 0.053 340
145 M <.0.050 377
Disch
(Us)
228
70
55
95
115
___T_e_IT_a.Lpin Creek
3A
M <0.050
M <0.050
M <0.050
TKN
ill (mgIL)
M 0.566
M <0.050
M 2.568
M <0.050
M <0.050
43
44
46
50
50
52
55
Disch
(Us)
457
35
40
40
M <0.050
M <0.050
M <0.050
TKN Disch TKN Disch TKN
ID (mWL) (Lis) ill (mgIL) (Us) ill _(mgIL)
M 0.336 19 M 2.870 355 M 1.818
M <0.050 4 M <0.050 15 M <0.050
M <0.050 19 M <0.050 27 M 3.599
M 2.433 24 M <0.050 31 M 1.187
M <0.050 24 M <0.050 34 M <0.050
M <0.050 32 M 2.229
M 1.293 70 M <0.050
M 0.375 132 M 0.176
M 0.432 195 M <0.050
14
14
14
14
14
14
14
14
Disch
(Us)
IA
M 1.115
M <0.050
M 1.078
TKN
lD (mWL)
M 0.053
M <0.050
M <0.050
M <0.050
M <0.050
Date
10/03/95
10/10/95
10/17/95
10/24/95
10/31/95
11/07/95
11/14/95
11/22/95
11/28/95
• Estimated discharge values. Observed data are not available for accurate determination of discharge curves at these extreme depths. Those discharge
values are not used in any calculations in this study. See Results and Discussion section of this text for derivation of these concentration values.
VI
-...l
Table 86. Calcium concentration and discharge for six sampling sites on two Nacogdoches Co., Texas streams.
- ----------
Waffelow Cre~k______ __ _ __ Terrapin Creek
IAlB 2A 28 3A 3B
-- -- -- ----
Ca Disch Ca Disch Ca Disch Ca Disch Ca Disch Ca Disch
Date ill (mgIL) (LIs) ill (mgIL) (LIs) ill (mgIL) (LIs) ill (mgIL) (Lis) Ip_(mgIL) (Us) lD (mgIL1_(Lls)
03/03/95 1 12.030 712 1 10.620 548 I 8.703 I 9.475
03/03/95 6 13.560 713 6 10.480 608 6 8.845 9
03/06/95 M 3.742 15 M 5.167 54 M 13.660 530 M 13.000 573 M 10.670 445 M 10.960 825
03/20/95 M 3.254 21 M 4.445 75 M 9.090 531 M 8.340615 M 7.085 444 M 7.854 577
03/23/95 M 3.328 49 M 4.479 81 M 9.126 358 M 8.350 475 M 6.586 330 M 7.466 408
03/27/95 M 3.336 6 M 4.637 165 M 9.012 273 M 8.391 355 M 6.164 292 M 7.515 470
04/03/95 M 3.538 39 M 4.704 47 M 8.815 165 M 7.674 220 M 5.369 225 M 6.686 605
04/05/95 4 3.227 36 I 5.437 603 2 7.128 1630
04/05/95 6 2.820 71
04/05/95 13 2.288 36
04/06/95 2 10.680 1020 I 9.394 840
04/06/95 1011.0001810 1611.4501640 17 6.752 845 II 8.1681700
04/22/95 I 2.330450· 1 2.116 487 I 6.292 797 I 4.6811070 I 2.398 I 5.7261060
04/22/95 10 6.621 3450· 10 5.266 2060·
04/22/95 20 1.915 470 24 4.460 6575· 19 3.774 4350· 24 2.427 24 4.538 12800·
05/01/95 M 3.078 27 M 4.069 28 M 7.084 285 M 6.353 333 M 4.762 270 M 6.080 518
05/04/95 M 3.347 27 M 4.203 15 M 7.452 398 M 5.950 505 M 4.728 290 M 5.971 522
05/08/95 17 2.564 71 I 5.953 797 I 5.734 548 I 6.063 1000
05/08/95 23 2.371 85 24 10.550 3500· 24 7.021 2450· 12 6.813 4700·
05/09/95 M 3.823 60 M 7.082 1100
05/15/95 M 2.982 27 M 3.919 90 M 8.319 262 M 7.667 397 M 4.762 230 M 6.210 430
05/18/95 I 6.179 295 I 4.979 800 I 3.271 590 1 5.235 920
05/18/95 M 2.971 M 3.790 4 6.469 708 7 6.271 820 4 4.205 940 10 5.014 370
OS/23/95 M 3.104 19 M 4.105 40 M 6.185 82 M 5.476 132 M 3.399 155 M 4.892 310 _
05/30/95 ___ 1 3.486 360 I 560 ~
Table B6. (continued)
- - ..-
- -- -
Waffelow Creek Terrapin C~ek
------ - --- -- ---
- -
IA 1B 2A 28 3A 38
----- ----
-- ----
Ca Disch Ca Disch Ca Disch Ca Disch Ca Disch Ca Disch
Date ID (mgIL) (Lis) ID (mgIL) (Lis) ID (mgIL) (Lis) ID (mgIL) (LI~ ID (mgIL) (LIs) ID (mgIL) (LIs)
-
05/30/95 7 3.382 355 5 4.746 560
05/31/95 M 5.243 82 M 4.914 120 M 3.751 200 M 4.700 410
06/05/95 M 4.943 34 M 4.505 65 M 2.403 95 M 3.815 245
06/12/95 M 3.196 19 M 4.140 47 M 4.437 35 M 4.370 65 M 2.390 95 M 3.503 275
06/20/95 M 3.431 19 M 4.538 47 M 4.298 20 M 3.905 50 M 1.726 55 M 2.248 193
06/26/95 M 4.014 M 4.251 4 M 4.205 18 M 3.680 50 M 1.603 55 M 2.030 183
07/03/95 M 3.481 9 M 4.615 4 M 4.610 17 M 4.000 49 M 1.794 60 M 2.208 193
07/10/95 M 3.525 9 M 4.802 4 M 5.179 15 M 4.233 48 M 1.792 45 M 2.346 205
07/18/95 M 2.832 10 M 2.835 28 M 6.507 100 M 4.941 172 M 1.653 220 1 2.321
07/18/95 1 7.092 102 1 2.840 362 2 2.179
07/25/95 M 3.902 10 M 5.103 4 M 5.052 14 M 4.363 305 M 1.485 50 M 2.227 190
07/31/95 M 3.372 14 M 4.144 19 M 5.398 47 M 4.211 62 M 1.910 270 M 2.089 335
08/08/95 M 3.351 11 M 4.588 4 M 4.809 12 M 4.083 44 M 1.271 60 M 1.735 180
08/15/95 M 3.404 10 M 3.694 15 M 4.587 15 M 3.982 44 M 1.636 61 M 1.845 245
08/21/95 M 3.624 9 M 5.341 4 M 4.583 14 M 3.945 44 M 1.625 35 M 2.092 204
08/28/95 M 3.643 5 M 6.189 4 M 4.838 12 M 4.094 40 M 1.685 25 M 2.097 237
09/05/95 M 3.475 17 M 6.078 24 M 4.629 28 M 3.621 48 M 1.608 118 M 2.061 282
09/12/95 M 3.820 12 M 5.690 4 M 4.696 13 M 3.865 41 M 1.438 35 M 1.822 222
09/19/95 M 3.489 17 M 4.160 19 M 4.689 14 M 3.833 42 M 1.577 55 M 1.821 224
09/26/95 M 3.914 22 M 4.938 4 M 4.044 14 M 3.768 41 M 1.484 54 M 1.831 218
10/02/95 1 1.859 385 1 2.840 305 I 2.288 330 1 1.794 367
10/02/95 4 1.092 487
10/02/95 16 1.274 175
10/03/95 5 2.194 270
10/03/95 M 2.588 14 M 2.850 19 M 6.823 355 M 4.815 457 M 2.253 228 M 2.116 393 V\
--- - \0
Table 86. (continued)
a Disch
ID (mgILt (Us)
M 1.738 193
M 1.648 194
M 1.742 207
M 1.657 260
These values
Ca Disch
.-!P_~ (Us)
M 1.433 70
M 1.364 55
M 1.381 95
M 1.407 115
295
340
377
38
1.951
1.979
2.289
l:.-err~inCreek.
3A
Waffelow Creek
--- - - - ----- --
IA 18 2A 28
.- - - - - -
Ca Disch Ca Disch Ca Disch Ca Disch
Date CD (mgIL) (Us) CD (mgIL) (Us) ID (~) (Us) ID tmgIL) (Us)
10/10/95 M 3.720 14 M 4.624 4 M 4.415 15 M 3.961
10/17/95 M 3.569 14 M 4.607 19 M 3.998 27 M 3.630 43
10/24/95 M 3.725 14 M 5.068 24 M 4.118 31 M 3.524 44
10/31/95 M 3.768 14 M 4.640 24 M 4.017 34 M 3.569 46
11/07/95 M 3.846 32 M 3.558 50
11/14/95 M 3.670 14 M 4.508 35 M 4.173 70 M 3.705 50 M 1.352 140 M
11/22/95 M 3.390 14 M 4.643 40 M 4.227 132 M 3.641 52 M 1.555 150 M
11/28/95 M 3.785 14 M 5.027 40 M 4.745 195 M 4.127 55 M 1.928 145 M
--- - - -
• Estimated discharge values. Observed data are not available for accurate determination of discharge curves at these extreme depths.
are not used in any calculations in this study.
0-.
o
Table B7. Magnesium concentration and discharge for six sampling sites on two Nacogdoches Co., Texas streams.
- ----_.
---
0-.
3.023 12800·
4.646 518
4.468 522
4.145 1000
4.701 4700·
6.222 1700
3.842 1060
4.812 430
3.736 920
3.661 370
3.885 310
560
9.672 825
6.407 577
5.953 408
5.899 470
5.360 605
5.472 1630
38
---
Mg Disch
(m~) (Us)
8.013
__ T~rapinCreek
3A
Mg Disch
ID (mgIL) (LIs) .Jf>
1 7.884 I
6 7.923 9
M 10.250 445 M
M 6.220 444 M
M 5.584 330 M
M 5.147 292 M
M 4.584 225 M
I 4.469 603 2
24 1.497 24
M 3.828 270 M
M 3.832 290 M
I
12
17 5.523 845 I I
J 1.521 I
M 5.928 1100
M 3.863 230 M
I 2.573 590 1
4 3.082 940 10
M 2.922 155 M
1 2.678 360 I
28
---
Mg Disch
~) (LIs)
9.306 548
9.332 608
11.610 573
7.102 615
6.950 475
6.977 355
6.495 220
6.404 397
3.866 800
4.708 820
4.438 132
7.953 840
9.810 1640
3.474 1070
3.693 2060'"
2.381 4350'"
4.996 333
4.673 505
4.324 548
5.361 2450'"
262 M
295 I
708 7
82 M
1020 I
1810 16
797 I
3450'" 10
6575'" 19
285 M
398 M
797 I
3500'" 24
Disch
(l!&-_ TO
712 I
713 6
530 M
531 M
358 M
273 M
165 M
2 9.248
10 9.374
I 4.881
10 4.809
24 3.249
M 5.772
M 5.946
1 4.764
24 8.809
M 7.077
I 5.151
4 5.344
M 5.150
54
75
81
165
47
4.514
3.886
3.882
4.061
4.138
1.482 487
M
M
M
M
M
M 3.259
M 3.575 40
201.126470
M 3.446 28
M 3.409 15
M 3.000 60
M 3.683 90
Mg Disch Mg
ill (mgIL) (Lis) TO~
10.720
12.010
12.190
7.870
7.886
7.594
7.661
Waffelow Creek
._------ -
18 2AIA
1.802 450'"
M 2.663
M 2.809 19
M 2.686 27
M 2.675 27
17 2.256 71
23 1.992 85
M 3.294 15
M 2.968 21
M 2.888 49
M 3.012 6
M 3.120 39
4 2.793 36
6 2.488 71
13 1.926 36
M 2.731 27
Mg Disch
TO (mgIL) (LIs)Date
03/03/95
03/03/95
03/06/95
03/20/95
03/23/95
03/27/95
04/03/95
04/05/95
04/05/95
04/05/95
04/06/95
04/06/95
04/22/95
04/22/95
04/22/95
05/01/95
05/04/95
05/08/95
05/08/95
05/09/95
05/15/95
05/18/95
05/18/95
OS/23/95
05/30/95
Table 87. (continued)
IA
Mg Disch
D~t_e_ CD (ml0-) l-Ll~
0\
N
190
335
180
245
204
237
282
222
224
218
367
393
Disch
(LI&
560
410
245
275
193
183
193
205
38
Mg
(mg!L)
6.429
3.421
2.855
2.621
1.781
1.651
1.794
1.890
1.963
1.685
1.820
1.623
1.731
1.420
1.669
1.689
1.653
1.539
1.523
1.515
1.663
50
270
60
61
35
25
118
35
55
54
330
SLls) _CD
355 5
200 M
95 M
95 M
55 M
55 M
60 M
45 M
220 1
2
M
M
M
M
M
M
M
M
M
M
1
1.313
1.442
1.360
1.254
1.347
1.406
1.296
1.275
1.307
1.228
1.675
M
M
M
M
M
M
M
M
M
M
1
5 1.625 270
M 1.649 228 M 1.555
__T~rra'pinCreek
3A
Mg Disch
ill (mg/L)
7 2.527
M 2.824
M 1.905
M 1.871
M 1.363
M 1.328
M 1.493
M 1.426
M 1.350
M 3.594 457
M 3.586 120
M 3.341 65
M 3.158 65
M 2.785 50
M 2.660 50
M 2.905 49
M 3.039 48
M 3.238 172
1 2.223 362
M 3.076 305
M 2.980 62
M 3.109 44
M 2.694 44
M 2.675 44
M 2.772 40
M 2.493 48
M 2.674 41
M 2.681 42
M 2.657 41
I 2.133 305
28
Mg Disch
[0 (~glL) (Lis)
82
34
35
20
18
17
15
100
102
14
47
12
15
14
12
28
13
14
14
355
Disch
(LisL
M 5.414
M 4.054
M 3.682
M 3.324
M 3.088
M 3.034
M 3.307
M 3.604
M 4.466
1 4.756
M 3.569
M 3.781
M 3.544
M 3.023
M 3.041
M 3.160
M 3.098
M 3.115
M 3.178
M 2.806
Mg
~ l-mgIL)
Waffelow Creek
---- -
2A
M 2.471 19
M 4.186 4
M 3.393 19
M 4.030 4
M 2.953 15
M 4.175 4
M 4.701 4
M 4.793 24
M 4.405 4
M 3.356 19
M 4.126 4
I 1.439 385
4 0.868 487
16 0.983 175
M 3.435 47
M 3.557 47
M 3.416 4
M 3.779 4
M 3.860 4
M 2.338 28
18
---
Mg Disch
ill (m~ {Lis)
19
19
14
9
9
10
10
14
11
10
9
5
17
12
17
22
2.743
2.856
2.691
2.969
2.934
2.521
2.311
3.175
2.817
3.165
2.796
2.953
2.972
2.796
3.141
2.992
3.352
05/30/95
05/31/95
06/05/95
06/12/95 M
06/20/95 M
06/26/95 M
07/03/95 M
07/10/95 M
07/18/95 M
07/18/95
07/25/95 M
07/31/95 M
08/08/95 M
08/15/95 M
08/21/95 M
08/28/95 M
09/05/95 M
09/12/95 M
09/19/95 M
09/26/95 M
10/02/95
10/02/95
10/02/95
10/03/95
10/03/95 M
Table 87. (continued)
1.638 295
1.799 340
1.729 377
38
Mg Disch
!Q (m~) _ (LI~
M 1.457 193
M 1.472 194
M 1.462 207
M 1.454 260
Terraoin Creek
M 1.226 140 M
M 1.455 150 M
M 1.478 145 M
Mg Disch
_ill (~lLls
M 1.242 70
M 1.259 55
M 1.214 95
M 1.254 115
3A28
-_. --
Mg Disch
IJL~) _(Lis)
M 2.823
M 2.637 43
M 2.543 44
M 2.606 46
M 2.587 50
M 2.731 50
M 2.760 52
M 2.827 55
Disch
(Lis)
15
27
31
34
32
70
132
195
Waffelow Creek
---_. -
IA 18 2A
-- - -
Mg Disch Mg Disch Mg
LD (mg/L) (Lis) _ ID (mg/L) (L~~ (m
M 3.081 14 M 3.903 4 M 3.125
M 3.118 14 M 3.926 19 M 2.905
M 3.206 14 M 4.117 24 M 2.947
M 3.222 14 M 3.948 24 M 2.924
M 2.830
14 M 3.909 35 M 3.165
14 M 4.130 40 M 3.343
14 M 4.089 40 M 3.340
Date
10/10/95
10/17/95
10/24/95
10/31/95
11/07/95
11/14/95 M 3.207
11/22/95 M 3.246
11/28/95 M 3.228
--
• Estimated discharge values. Observed data are not available for accurate determination of discharge curves at these extreme depths. These values
are not used in any calculations in this study.
0-
w
Table 88. Potassium concentration and discharge for six sampling sites on two Nacogdoches Co., Texas streams.
0\
~
825
577
408
470
605
1630
Disch
(Us
J8
K
lD (mg!L)
I 1.916
9
M 1.925
M 1.905
M 1.845
M 1.741
M 1.435
2 1.884
845 II 1.914 1700
I 1.775 1060
445
444
330
292
225
603
24 2.641 12800·
270 M 1.562 518
290 M 1.383 522
1 1.8031000
12 2.503 4700·
Disch
(Lis)
Terrapin Creek
1100
230 M 1.533 430
590 I 1.960 920
940 10 2.313 370
155 M 1.356 310
._ __ 360 I 560
3A
17 1.954
I 2.436
K
ID ->-(m-",-...L-
1 1.752
6 1.896
M 1.823
M 1.670
M 1.564
M 1.566
M 1.268
1 3.352
24 1.801
M 1.373
M 1.285
M 1.934
M 1.262
I 1.348
4 2.143
M 0.999
I 1101
397
800
820
132
840
1640
1070
2060·
4350·
333
505
548
2450·
1.965
2.136
2.347
1.666
2.131
3.597
1.912
3.095
3.744
1.734
1.606
2.084
2.668
28
- ----
K Disch
ID (mg/L) (Us)
I 1.890 548
6 2.041 608
M 1.971 573
M 2.087 615
M 2.043 475
M 2.123 355
M 1.868 220
262 M
295 I
708 7
82 M
1020 1
1810 16
797 1
3450· 10
6575· 19
285 M
398 M
797 1
3500· 24
2 2.100
10 2.638
I 1.872
10 2.266
24 2.393
M 1.849
M 1.720
I 1.752
24 36.041
M 2.102
I 2.034
4 1.916
M 1.70340
60
90
54
75
81
165
47
470
28
15
487
Waffelow Creek
2A
--
Disch K Disch
(Lls2
1.931 712
2.097 713
2.224 530
2.148 531
1.874 358
2.367 273
8.010 165
2.183
2.461
2.244
2.436
3.199
2.492
1.974
2.355
2.087
2.313
2.368
2.537
2.273
M
M
M
M
M
M
M
20
M
M
M
M
19
15
21
49
6
39
36
71
36
27
27
27
71
85
450·
IA
2.237
M 3.840
M 2.336
M 2.155
M 2.637
M 2.264
4 2.262
6 2.138
13 2.084
M 2.283
M 2.441
M 2.264
M 2.247
M 2.171
17 2.095
23 2.602
K
.oste lD (mlZ-=<- ,- -.L-
03/03/95
03/03/95
03/06/95
03/20/95
03/23/95
03/27/95
04/03/95
04/05/95
04/05/95
04/05/95
04/06/95
04/06/95
04/22/95
04/22/95
04/22/95
05/01/95
05/04/95
05/08/95
05/08/95
05/09/95
05/15/95
05/18/95
05/18/95
OS/23/95
05/30/95
Table B8. (continued)
Waf'felow Creek Terraoin Creek
. ---
0"-
VI
38
Disch K Disch
(Lis) ill~L lUst
355 5 1.510 560
200 M 1.467 410
95 M 1.203 245
95 M 2.426 275
55 M 1.074 193
55 M 0.934 183
60 M I .046 193
45 M 1.307 205
220 1 1.339
2 1.523
50 M 2.562 190
270 M 1.231 335
60 M I. I 57 180
61 M 1.153 245
35 M 1.132 204
25 M 1.211 237
118 M 1.329 282
35 M 1.064 222
55 M 1.183 224
54 M 0.866 218
330 1 1.509 367
270
228 M 1.991 393
5 1.725
M 1.787
M 0.627
M 0.934
M 0.792
M 0.942
M 0.846
M 1.025
M 1.568
M 1.088
M 0.919
M 0.579
1 1.645
3A
K
1~ (m1i!::
7 1.279
M 1.264
M 0.794
M 1.028
M 0.846
M 0.767
M 0.913
M 1.148
M 1.196
4.520 457
1.822 120
1.653 65
3.572 65
1.561 50
1.534 50
2.018 49
1.962 48
3.462 172
2.094 362
1.982 305
1.758 62
2.120 44
2.087 44
2.003 44
2.079 40
2.223 48
2.345 41
7.791 42
3.670 41
2.200 305
82 M
34 M
35 M
20 M
18 M
17 M
15 M
100 M
102 I
14 M
47 M
12 M
15 M
14 M
12 M
28 M
13 M
14 M
14 M
1
M 5.801
M 1.719
M 1.548
M 1.731
M 1.582
M 1.491
M 1.730
M 2.027
M 4.165
1 3.472
M 1.912
M 2.334
M 2.475
M 1.916
M 1.888
M 2.143
M 2.751
M 2.114
M 2.184
M 1.697
M 2.574 47
M 2.612 47
M 2.997 4
M 2.742 4
M 4.019 4
M 3.070 28
M 3.782 4
M 3.020 19
M 5.604 4
M 2.945 15
M 5.269 4
M 5.571 4
M 4.787 24
M 4.236 4
M 3.465 19
M 2.565 4
1 9.324 385
4 3.965 487
16 2.497 175
M 1 176 1914
19
19
9
9
10
10
14
II
10
9
5
17
12
17
22
M 2.845
M 3.652
M 2.341
M 3.160
M 2.483
M 2.632
M 2.887
M 2.766
M 2.871
M 2.603
M 2.420
M 2.359
M 2.304
M 2.533
M 2.449
M 2.749
M 2.716
IA 18 2A 28
- -- -- -- _.
K Disch K Disch K Disch K Disch
Date ill (mg/L) (Lis) 10 (mg/L) (Lis) ill (mg/L) (Lis) ID (mg/L) _(Lis)
05/30/95
05/31/95
06/05/95
06/12/95
06/20/95
06/26/95
07/03/95
07/10/95
07/18/95
07/18/95
07/25/95
07/31/95
08/08/95
08/15/95
08/21/95
08/28/95
09/05/95
09/12/95
09/19/95
09/26/95
10/02/95
10/02/95
10/02/95
10/03/95
10/03/95
Table 88. (continued)
--'--
Waffelow Creek
--'!'err!E.!n Creek
---- -
- -
- --- - - -
lA 18 2A 28 3A 38
.-
- '- --- - --
K Disch K Disch K Disch K Disch K Disch K Disch
Date ID (mgIL) (Lis) ID Q!l.8£!.2 JLlsl __ JD~ (LlsLlP_(mg/L) (LisL ID (mg/L) (Lis) JD~) (Usl
10/10/95 M 3.457 14 M 2.913 4 M 2.329 15 M 2.246 M 0.823 70 M 0.933 193
10/17/95 M 4.051 14 M 2.971 19 M 2.077 27 M 2.099 43 M 0.932 55 M 1.008 194
10/24/95 M 4.713 14 M 3.917 24 M 2.022 31 M 2.014 44 M 0.889 95 M 1.131 207
10/31/95 M 3.685 14 M 2.891 24 M 2.433 34 M 2.091 46 M 0.915 115 M 1.140 260
11/07/95 M 3.346 32 M 1.988 50
11/14/95 M 2.546 14 M 2.746 35 M 11.440 70 M 2.634 50 M 1.983 140 M 20.180 295
11/22/95 M 2.621 14 M 3.918 40 M 2.341 132 M 1.988 52 M 1.202 150 M 1.282 340
11/28/95 M 3.146 14 M 3.580 40 M 3.158 195 M 3.975 55 M 1.540 145 M 1.569 377
._----
--- - - --- - ---- -- -
• Estimated discharge values. Observed data are not available for accurate determination of discharge curves at these extreme depths. These values
are not used in any calculations in this study.
0'
0'
Table 89. Sodium concentration and discharge for six sampling sites on two Nacogdoches Co., Texas streams.
-, _.
---
Waffelow Creek ____Terr~inCreek
--- - ~ ~- -- --- - - --
IA 18 2A 28 3A 38
-~ - -~-- - --- - - -----
Na Disch Na Disch Na Disch Na Disch Na Disch Na Disch
Date_ _ _ 10 -.1mgIL) (Lis) 10 (mgIL) (Llsl 10 (m~) jLls) ID (m~l (Lis) ID_ (mgILULls) ID (mg/L) (Lis)
03/03/95 1 9.870 712 I 9.626 548 I 6.466 J 7.337
03/03/95 6 10.480 713 6 9.624 608 6 6.500 9
03/06/95 M 6.287 15 M 6.931 54 M 11.090 530 M 10.800 573 M 7.633 445 M 8.101 825
03/20/95 M 5.495 21 M 5.990 75 M 8.180 531 M 7.768 615 M 5.382 444 M 6.043 577
03/23/95 M 5.562 49 M 6.068 81 M 8.163 358 M 8.127 475 M 5.245 330 M 6.343 408
03/27/95 M 6.134 6 M 6.558 165 M 8.523 273 M 8.214 355 M 5.071 292 M 6.148 470
04/03/95 M 6.122 39 M 6.618 47 M 8.593 165 M 7.917 220 M 4.763 225 M 5.923 605
04/05/95 4 5.366 36 1 4.509 603 2 6.837 1630
04/05/95 6 4.851 71
04/05/95 13 3.498 36
04/06/95 2 9.057 1020 I 8.481 840
04/06/95 10 9.362 1810 16 9.522 1640 17 5.087 845 II 6.578 1700
04/22/95 I 3.739 450· 1 1.964 487 I 6.112 797 I 2.970 1070 I 0.931 I 5.004 1060
04/22/95 10 4.343 3450· 10 5.217 2060·
04/22/95 20 1.377 470 24 2.788 6575· 19 3.304 4350· 24 1.121 24 2.960 12800·
05/01/95 M 5.408 27 M 5.678 28 M 6.858 285 M 6.603 333 M 4.334 270 M 5.240 518
05/04/95 M 5.528 27 M 5.688 15 M 6.674 398 M 6.116 505 M 4.129 290 M 4.990 522
05/08/95 17 4.616 71 1 6.072 797 I 6.098 548 I 4.809 1000
05/08/95 23 3.846 85 24 7.015 3500· 24 5.822 2450· 12 4.733 4700·
05/09/95 M 4.917 60 M 4.726 1100
05/15/95 M 5.643 27 M 5.845 90 M 7.615 262 M 7.356 397 M 4.196 230 M 5.265 430
05/18/95 I 6.173 295 I 6.073 800 1 3.602 590 1 4.905 920
05/18/95 M 5.462 M 5.663 4 6.516 708 7 6.391 820 4 3.396 940 10 3.857 370
OS/23/95 M 5.799 19 M 6.055 40 M 6.870 82 M 6.532 132 M 3.839 155 M 4.862 310
05/30/95 1 3.133 360 I 560 0-
--- ----- -- --- ----- - -
-.J
Table 89. (continued)
---
Waffelow Creek ____Terrapin Creek
--- - -
1A IB 2A 2B 3A 3B
- --- - - - - ------ --
Na Disch Na Disch Na Disch Na Disch Na Disch Na Disch
Date ID (mgIL) (LIs) ill (mgIL) (LIs) ID (m~ _(LIs) ID (mpL) (LIs) ID (mgIL) (LIs) lP_(mgIL) JUs)
05/30/95 7 3.243 355 5 3.928 560
05/31/95 M 6.230 82 M 5.798 120 M 3.612 200 M 4.225 410
06/05/95 M 5.793 34 M 5.657 65 M 3.071 95 M 4.096 245
06/12/95 M 5.845 19 M 6.236 47 M 5.529 35 M 5.239 65 M 3.059 95 M 3.820 275
06/20/95 M 6.144 19 M 6.282 47 M 5.439 20 M 5.177 50 M 2.734 55 M 3.376 193
06/26/95 M 6.100 M 5.984 4 M 5.503 18 M 5.128 50 M 2.736 55 M 3.249 183
07/03/95 M 6.742 9 M 6.987 4 M 6.051 17 M 5.581 49 M 2.977 60 M 3.469 193
07/10/95 M 6.784 9 M 7.024 4 M 5.903 15 M 5.658 48 M 2.945 45 M 3.622 205
07/18/95 M 5.602 10 M 4.951 28 M 6.898 100 M 5.446 172 M 2.927 220 1 3.631
07/18/95 I 4.280 102 1 4.743 362 2 3.407
07/25/95 M 7.039 10 M 7.147 4 M 5.741 14 M 5.276 305 M 2.890 50 M 3.550 190
07/31/95 M 6.267 14 M 6.675 19 M 5.664 47 M 5.428 62 M 3.162 270 M 3.323 335
08/08/95 M 7.150 II M 13.990 4 M 10.330 12 M 5.563 44 M 3.055 60 M 3.524 180
08/15/95 M 6.224 10 M 5.846 15 M 5.695 15 M 5.216 44 M 2.853 61 M 3.065 245
08/21/95 M 6.876 9 M 7.233 4 M 5.817 14 M 5.258 44 M 2.875 35 M 3.335 204
08/28/95 M 7.009 5 M 8.333 4 M 5.875 12 M 5.317 40 M 2.969 25 M 3.369 237
09/05/95 M 5.873 17 M 7.086 24 M 5.598 28 M 5.309 48 M 2.897 118 M 3.349 282
09/12/95 M 7.107 12 M 8.018 4 M 6.332 13 M 5.866 41 M 3.269 35 M 3.566 222
09/19/95 M 6.767 17 M 6.487 19 M 6.639 14 M 5.825 42 M 3.169 55 M 3.573 224
09/26/95 M 7.498 22 M 7.695 4 M 6.224 14 M 6.088 41 M 3.468 54 M 3.960 218
10/02/95 I 5.559 385 I 4.753 305 I 3.906 330 I 3.242 367
10/02/95 4 2.710 487
10/02/95 16 2.285 175
10/03/95 5 3.346 270
10/03/95 M 4.629 14 M 4.293 19 M 6.087 355 M 4.691 457 M 3.369 228 M 3.560 393 0\
00
Table B9. (continued)
_._-------- --- - - _.- -
Waffelow Creek Terrapin Creek
----- - - - --- - ----
1A 18 2A 28 3A 38
- ----- - -- - - -
Na Disch Na Disch Na Disch Na Disch Na Disch Na Disch
Date ID (mgIL) (Lis) ID (mgIL) (Lis) ill (mgIL.lJLI~~~) (Lis) ID (mgIL) (Lis) ro (m~) (Lis)
-- -
10/10/95 M 9.010 14 M 6.837 4 M 5.556 15 M 5.115 M 2.989 70 M 3.286 193
10/17/95 M 6.596 14 M 6.913 19 M 5.962 27 M 5.187 43 M 2.873 55 M 3.242 194
10/24/95 M 7.238 14 M 7.884 24 M 6.233 31 M 5.514 44 M 2.915 95 M 3.831 207
10/31/95 M 6.803 14 M 7.154 24 M 6.041 34 M 5.660 46 M 2.956 115 M 3.299 260
11/07/95 M 6.216 32 M 5.933 50
1l/14/95 M 6.932 14 M 7.102 35 M 6.532 70 M 5.896 50 M 3.702 140 M 4.301 295
11/22/95 M 7.122 14 M 7.733 40 M 6.915 132 M 6.037 52 M 3.358 150 M 3.931 340
11/28/95 M 7.250 14 M 8.121 40 M 6.349 195 M 5.944 55 M 3.312 145 M 3.821 377
-
• Estimated discharge values. Observed data are not available for accurate determination of discharge curves at these extreme depths. These values
are not used in any calculations in this study.
0\
\0
Table B10. Total suspended solids concentration and discharge for 6 sampling sites on lWo Nacogdoches Co., Texas streams.
-_.-
-- - - - --- --- - --
-
Waffelow Creek Terrapin C~ek
-~
--- ---- - -- -- - -
IA IB 2A 2B 3A 3B
- - - - - - --
TSS Disch TSS Disch TSS Disch TSS Disch TSS Disch TSS Disch
Date ID (mgIL) (LIs) ill (mgIL) (LIs) ill (mgIL) (Lls.L TO -i~) (LIs) ill (mgIL) (Us) ill (mgIL) (LIs)
-
03/03/95 I 12.0 712 1 20.0 548 1 28.0 I 33.3
03/03/95 6 8.6 713 6 16.7 608 6 28.0 9 30.0
03/06/95 M 2.9 15 M 2.9 54 M 11.4 530 M 8.9 573 M 11.4 445 M 15.0 825
03/20/95 M 2.2 21 M 6.7 75 M 10.0 531 M 17.1 615 M 5.0 444 M 13.3 577
03/23/95 M 4.0 49 M 10.0 81 M 12.0 358 M 12.0 475 M 36.0 330 M 16.0 408
03/27/95 M 16.7 6 M 10.0 165 M 14.3 273 M 13.3 355 M 17.5 292 M 2.5 470
04/03/95 M 2.0 39 M 2.0 47 M 4.0 165 M 220 M 2.9 225 M 8.6 605
04/05/95 4 18.0 36 I 105.7 603 2 62.9 1630
04/05/95 6 120.0 71
04/05/95 13 124.0 36
04/06/95 2 77.1 1020 I 32.5 840
04/06/95 10 145.7 1810 16 72.5 1640 17 51.4 845 II 68.6 1700
04/22/95 1 545.0 450'" I 620.0 487 1 140.0 797 I 110.0 1070 I 20.0 1 400.0 1060
04/22/95 10 510.0 3450'" 10 210.0 2060'"
04/22/95 20 370.0 470 24 100.0 6575'" 19 110.0 4350'" 24 740.0 24 140.0 12800·
05/01/95 M 2.9 27 M 2.9 28 M 8.6 285 M 11.4 333 M 8.6 270 M 14.3 518
05/04/95 M 8.0 27 M 5.7 15 M 8.6 398 M 22.9 505 M 17.1 290 M 25.7 522
05/08/95 17 110.0 71 I 0.0 797 I 290.0 548 I 220.0 1000
05/08/95 23 130.0 85 24 130.0 3500'" 24 160.0 2450'" 12 500.0 4700'"
05/09/95 M 0.0 60 M 180.0 1100
05/15/95 M 2.9 27 M 11.6 90 M 18.3 262 M 28.9 397 M 40.0 230 M 40.0 430
05/18/95 I 132.0 295 I 370.0 800 I 460.0 590 I 190.0 920
05/18/95 M 5.7 M 10.0 4 40.0 708 7 80.0 820 4 190.0 940 10 480.0 370
OS/23/95 M 3.0 19 M 3.8 40 M 6.7 82 M 10.0 132 M 6.7 155 M 8.0 310
05/30/95 1 80.0 360 I 560
-J
- -- -- 0
Table 810. (continued)
---- .-
Waffelow Creek Terrapin Creek
-- - - - ----
IA IB 2A 2B 3A 3B
- --
TSS Disch TSS Disch TSS Disch TSS Disch TSS Disch TSS Disch
Date ID (mgIL) (Lis) ID (mgIL) (Lis) ID (mgIL) J!:Isl ~~2_(L/s) ill (mg/L) (Lis) .--.!P j!!!!iL) (L/~
05/30/95 7 51.4 355 5 50.0 560
05/31/95 M 11.1 82 M 16.0 120 M 15.6 200 M 26.0 410
06/05/95 M 165.0 34 M 5.0 65 M 3.3 95 M 2.5 245
06/12/95 M 1.7 19 M 1.7 47 M 36.0 35 M 14.0 65 M 14.0 95 M 16.0 275
06/20/95 M 2.0 19 M 5.7 47 M 16.0 20 M 12.0 50 M 16.0 55 M 16.0 193
06/26/95 M 4.0 M 16.0 4 M 68.0 18 M 12.0 50 M 16.0 55 M 24.0 183
07/03/95 M 4.0 9 M 2.0 4 M 20.0 17 M 30.0 49 M 16.0 60 M 20.0 193
07/10/95 M 2.6 9 M 8.0 4 M 17.5 15 M 6.0 48 M 16.0 45 M 16.0 205
07/18/95 M 122.0 10 M 36.0 28 M 36.0 100 M 56.0 172 M 38.0 220 I 35.0
07/18/95 I 236.0 102 I 288.0 362 2 27.5
07/25/95 M 6.0 10 M 10.0 4 M 28.0 14 M 22.9 305 M 16.0 50 M 16.0 190
07/31/95 M 10.0 14 M 12.0 19 M 42.0 47 M 22.0 62 M 56.0 270 M 36.0 335
08/08/95 M 4.0 II M 8.0 4 M 12.0 12 M 22.0 44 M 16.0 60 M 12.0 180
08/15/95 M 6.0 10 M 10.0 15 M 10.0 15 M 8.0 44 M 16.0 61 M 20.0 245
08/21/95 M 4.0 9 M 6.0 4 M 14.0 14 M 14.0 44 M 10.0 35 M 14.0 204
08/28/95 M 8.0 5 M 8.0 4 M 18.0 12 M 16.0 40 M 16.0 25 M 12.0 237
09/05/95 M 10.0 17 M 18.0 24 M 13.3 28 M 16.0 48 M 24.0 118 M 10.0 282
09/12/95 M 12.0 12 M 6.0 4 M 8.0 13 M 10.0 41 M 10.0 35 M 18.0 222
09/19/95 M 4.0 17 M 22.0 19 M 10.0 14 M 10.0 42 M 6.7 55 M 12.0 224
09/26/95 M 6.0 22 M 10.0 4 M 10.0 14 M 10.0 41 M 28.0 54 M 12.0 218
10/02/95 1 3200.0 385 I 164.0 305 I 90.0 330 1 144.0 367
10/02/95 4 1780.0 487
10/02/95 16 870.0 175
10/03/95 5 33.3 270
10/03/95 M 32.0 14 M 64.0 19 M 66.7 355 M 112.0 457 M 28.0 228 M 36.0 393
......
--.l
Table 810. (continued)
8.0 295
8.0 340
8.0 377
140 M
150 M
145 M
38
. ---
Disch TSS Disch
(LIs) Tn 0l~_) (LIs)
70 M 6.0 193
55 M 8.0 194
95 M 2.0 207
115 M 6.0 260
M 2~
M 8~
M 6~
3A
TSS
rI:?_~.
M 26.0
M 6.0
M 10.0
M 6.0
__ _ Terr~in Creek
43
44
46
50
50
52
55
Disch
(LIs)
35
40
40
M 6.0
M 4.0
M 6.0
14
14
14
8.0
2.0
2.0
IA
Waffelow Creek
--- ._-------
1B 2A 28
- - -----
TSS Disch TSS Disch TSS
_ro (mgIL) (LIs) lD lm~LJLlsl -.-!Q (m~)
M 10.0 4 M 10.0 15 M 12.0
M 6.0 19 M 10.0 27 M 12.0
M 8.0 24 M 12.0 31 M 10.0
M 6.0 24 M 8.0 34 M 4.0
M 6.0 32 M 8.0
M 4.0 70 M 2.0
M 8.0 132 M 4.0
M 10.0 195 M 6.0
M
M
M
M 4.0 14
M 4.0 14
M 8.0 14
M 2.0 14
TSS Disch
10 (mg/L) (LIs)Date
10/10/95
10/17/95
10/24/95
10/31/95
11/07/95
11/14/95
11/22/95
11/28/95
• Estimated discharge values. Observed data are not available for accurate determination of discharge curves at these extreme depths. These values
are not used in any calculations in this study.
-...1
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Table Bil. Dissolved oxygen concentration and discharge for six sampling sites on two Nacogdoches Co., Texas streams.
--_._----
-- --- ---
----
Waffelow Creek Terrapin C!:-e~k_
- ------- - - - --
-.- -
-
IA 18 2A 28 3A 38
-- --- ----,------ --- -
DO Disch DO Disch DO Disch DO Disch DO Disch DO Disch
Date ID (I~) (US) 1~(mgIL) (US2 ID {m&fLl (U~ ~ (m~LJLlS) JD (mgIL) (US) _ ID _(mgfL) (US)
--
03/03/95 1 712 1 548 I I
03/03/95 6 713 6 608 6 9
03/06/95 M 9.5 15 M 9.9 54 M 9.4 530 M 8.9 573 M 8.9 445 M 9.1 825
03/20/95 M 8.7 21 M 9.6 75 M 8.2 531 M 7.6 615 M 8.1 444 M 7.7 577
03/23/95 M 8.5 49 M 8.9 81 M 6.5 358 M 6.6 475 M 7.6 330 M 7.2 408
03/27/95 M 8.4 6 M 8.7 165 M 7.1 273 M 6.9 355 M 7.5 292 M 7.7 470
04/03/95 M 39 M 47 M 9 165 M 8.4 220 M 9.1 225 M 8.9 605
04/05/95 4 36 1 603 2 1630
04/05/95 6 71
04/05/95 13 36
04/06/95 2 1020 I 840
04/06/95 10 1810 16 1640 17 845 II 1700
04/22/95 I 450'" I 487 I 797 I 1070 I I 1060
04/22/95 10 3450'" 10 2060'"
04/22/95 20 470 24 6575'" 19 4350'" 24 24 . 12800·
05/01/95 M 8.3 27 M 8.6 28 M 6.5 285 M 7.1 333 M 7.3 270 M 7.5 518
05/04/95 M 8.4 27 M 8.3 IS M 7.3 398 M 7.1 505 M 7.6 290 M 7.7 522
05/08/95 17 71 1 797 I 548 1 1000
05/08/95 23 85 24 3500'" 24 2450'" 12 4700'"
05/09/95 M 60 M 1100
05/15/95 M 8.2 27 M 8.4 90 M 6.1 262 M 6.3 397 M 6.9 230 M 7.1 430
05/18/95 I 295 I 800 I 590 I 920
05/18/95 M M 4 708 7 820 4 940 10 370
OS/23/95 M 8.1 19 M 8.2 40 M 6.5 82 M 6.4 132 M 7.3 155 M 7.1 310
05/30/95 I 360 I 560 -...l
-- ---- --
\#.)
Table Bll. (continued)
Waffelow Creek
-- ---- --- -
IA 1B 2A
--- --
DO Disch DO Disch DO
ill (mgIL) (Lis) ill (mgIL) (Lis) TO _(~
-..J
~7.0 393
5
M 6.8
M
M
M
M
M
M
M 7
M 7.4
M 7.1
M 8.0
I
Terraoin Creek
~A __ 38 _
DO Disch DO Disch
TO (mgIL) (Lis) JQ (ml:i!:) (L/s)
7 355 5 560
M 7.7 200 M 7.4 4 10
M 7.2 95 M 7.0 245
M 7.4 95 M 7.5 275
M 7.5 55 M 7.6 193
M 55 M 183
M 60 M 193
M 45 M 205
M 220 I
2
50 M 190
270 M 335
60 M 180
61 M 245
35 M 204
25 M 237
118 M 7 282
35 M 7.2 222
55 M 6.9 224
54 M 7.8 218
330 I 367
M 6.9 120
M 6.1 65
M 6.2 65
M 6.0 50
M 50
M 49
M 48
M 172
1 362
M 305
M 62
M 44
M 44
M 44
M 40
M 4.9 48
M 4.8 41
M 4.8 42
M 6.6 41
I 305
82
34
35
20
18
17
15
100
102
14
47
12
15
14
12
28
13
14
14
Disch
('=:/s)
_____28
DO Disch
.!.!?- (m~) (L/sl
4.3 355 M 5.8 457
4.7
4.5
4.2
6.3
6.4
5.7
6.2
5.9
M
M
8.4 47 M
8.1 47 M
4 M
4 M
4 M
28 M
I
4 M
19 M
4 M
15 M
4 M
4 M
6.6 24 M
7.2 4 M
6.8 19 M
8.0 4 M
385
487
175
10 M
14 M
11 M
10 M
9 M
5 M
7.7 17 M
7.4 12 M
7.3 17 M
8.4 22 M
I
4
16
8.2 19 M
8.1 19 M
M
9 M
9 M
10 M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
Date
05/30/95
05/31/95
06/05/95
06/12/95
06/20/95
06/26/95
07/03/95
07/10/95
07/18/95
07/18/95
07/25/95
07/31/95
08/08/95
08/15/95
08/21/95
08/28/95
09/05/95
09/12/95
09/19/95
09/26/95
10/02/95
10/02/95
10/02/95
10/03/95
10/03/95 M 7.5 14 M 7.8 19 M
Table BI!. (continued)
- ---
Waffelow Creek Terrapin Cr~ek
---- -
IA IB 2A 2B 3A 3B
-
.-
--- -
DO Disch DO Disch DO Disch DO Disch DO Disch DO Disch
Date ID (mJ.VL) (Lis) ID (mgIL) (Lis) ID (mg/L) (Us) ._~ imltLL(LlsL ill (mgIL) (LIs) ID JE1g[L) (Lis
10/10/95 M 8.3 14 M 8.1 4 M 6.4 15 M 6.9 M 8.3 70 M 7.9 193
10/17/95 M 14 M 19 M 27 M 43 M 55 M 194
10/24/95 M 8.4 14 M 24 M 5.9 31 M 7 44 M 8.3 95 M 8.2 207
10/31/95 M 8.2 14 M 8.5 24 M 6 34 M 6.6 46 M 7.9 115 M 8.1 260
11/07/95 M 5.9 32 M 6.4 50
11/14/95 M 8.8 14 M 9.1 35 M 6 70 M 7.1 50 M 8.9 140 M 8.7 295
11/22/95 M 8.5 14 M 8.3 40 M 5.1 132 M 6.7 52 M 8.3 150 M 8.5 340
11/28/95 M 7.8 14 M 8.4 40 M 3.9 195 M 6.1 55 M 8.4 145 M 8.1 377
- ------- ---
• Estimated discharge values. Observed data are not available for accurate determination of discharge curves at these extreme depths. These values
are not used in any calculations in this study.
--I
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Table B 12. Reaction (PH) and discharge for six sampling sites on two Nacogdoches Co., Texas streams.
-------_.-
Waffelow Creek Terrapin Creek
IA IB 2A 2B 3A 3B
-- - -- --
-_.
pH Disch pH Disch pH Disch pH Disch pH Disch pH Disch
Date ID (0-14) (Lis) ill (0-14) (Lis) ill (0-14) (LisL JD (0-14) (Lis) ill (0-14) (Lis) ill (0- 14t (Lis)
03/03/95 I 6.82 712 I 6.88 548 1 6.89 1 6.97
03/03/95 6 6.80 713 6 6.86 608 6 6.87 9 7.10
03/06/95 M 6.05 15 M 6.34 54 M 6.63 530 M 6.63 573 M 6.68 445 M 6.78 825
03/20/95 M 5.86 21 M 6.19 75 M 6.48 531 M 6.52 615 M 6.55 444 M 6.70 577
03/23/95 M 5.85 49 M 6.24 81 M 6.37 358 M 6.82 475 M 6.54 330 M 6.68 408
03/27/95 M 5.91 6 M 6.28 165 M 6.51 273 M 6.56 355 M 6.53 292 M 6.70 470
04/03/95 M 6.03 39 M 6.21 47 M 6.86 165 M 6.64 220 M 6.52 225 M 6.68 605
04/05/95 4 6.52 36 I 6.65 603 2 6.97 1630
04/05/95 6 6.15 71
04/05/95 13 6.02 36
04/06/95 2 6.78 1020 1 6.85 840
04/06/95 10 6.72 1810 16 6.76 1640 17 6.68 845 II 6.96 1700
04/22/95 I 5.37 450· 1 5.43 487 I 6.57 797 I 6.33 1070 I 6.65 I 6.64 1060
04/22/95 10 6.06 3450· 10 6.51 2060·
04/22/95 20 5.62 470 24 6.02 6575· 19 6.42 4350· 24 6.39 24 6.37 12800·
05/01/95 M 5.97 27 M 6.24 28 M 6.39 285 M 6.47 333 M 6.49 270 M 6.60 518
05/04/95 M 6.09 27 M 6.25 15 M 6.44 398 M 6.46 505 M 6.45 290 M 6.62 522
05/08/95 17 6.09 71 I 6.66 797 I 6.57 548 I 6.68 1000
05/08/95 23 5.97 85 24 6.46 3500· 24 6.50 2450· 12 6.62 4700·
05/09/95 M 6.19 60 M 6.28 1100
05/15/95 M 6.06 27 M 6.50 90 M 6.68 262 M 6.77 397 M 6.63 230 M 6.89 430
05/18/95 1 6.51 295 I 6.41 800 I 6.48 590 I 6.62 920
05/18/95 M 6.09 M 6.33 4 6.57 708 7 6.66 820 4 6.50 940 10 6.52 370
OS/23/95 M 5.99 19 M 6.48 40 M 6.64 82 M 6.78 132 M 6.63 155 M 6.81 310
05/30/95 1 6.49 360 ) 6.70 560
-..l
----- -----_._.- --- - - ----- - 0\
Table B12. (continued)
--_.- - -
5.41 14
6.30 19
5.90 19
5.99
6.10 9
6.24 9
5.86 10
6.04 10
6.14 14
6.13 II
6.17 10
6.25 9
6.14 5
5.95 17
5.84 12
6.06 17
6.35 22
Terrapin Creek
- ---
.....:I
.....:I
6.17 393
270
228 M
38
-- ~-
Disch pH Disch
(~lD ---i0-14) (Lis)
355 5 6.70 560
200 M 6.53 410
95 M 6.56 245
95 M 6.61 275
55 M 6.45 193
55 M 6.49 183
60 M 6.63 \93
45 M 6.59 205
220 I 6.74
2 6.60
50 M 6.51 190
270 M 6.41 335
60 M 6.56 180
6\ M 6.50 245
35 M 6.51 204
25 M 6.45 237
118 M 6.46 282
35 M 6.47 222
55 M 6.26 224
54 M 6.38 218
330 I 6.27 367
5 6.20
M 6.01
3A
pH
lD (0-14)
7 6.49
M 6.41
M 6.45
M 6.48
M 6.35
M 6.47
M 6.53
M 6.56
M 6.21
M 6.57
M 6.28
M 6.60
M 6.58
M 6.63
M 6.52
M 6.48
M 6.58
M 6.31
M 6.36
I 6.3 I
M 5.92 457
M 6.55 120
M 6.54 65
M 6.69 65
M 6.52 50
M 6.55 50
M 6.66 49
M 6.67 48
M 6.42 172
I 6.48 362
M 6.64 305
M 6.60 62
M 6.59 44
M 6.52 44
M 6.51 44
M 6.50 40
M 6.46 48
M 6.45 41
M 6.60 42
M 6.42 41
I 6.50 305
28
pH Disch
lD (~4) (Lis)
82
34
35
20
18
17
15
100
102
14
47
12
15
14
12
28
13
14
14
355
Disch
(hIs]
18
M 5.84 19 M 6.04
pH Disch
I~1O-14) (Lis)
M 6.56
M 6.52
M 6.53 47 M 6.66
M 6.27 47 M 6.48
M 6.38 4 M 6.56
M 6.47 4 M 6.66
M 6.61 4 M 6.77
M 6.07 28 M 6.05
I 6.16
M 6.51 4 M 6.54
M 6.34 19 M 6.35
M 7.01 4 M 6.71
M 6.26 15 M 6.52
M 6.58 4 M 6.55
M 6.03 4 M 6.42
M 6.35 24 M 6.32
M 6.22 4 M 6.43
M 6.21 19 M 6.30
M 6.24 4 M 6.36
I 5.87 385
4 6.03 487
16 5.83 175
IA
pH Disch
pate ID (O-I'!) (Lis)
05/30/95
05/31/95
06/05/95
06/\2/95 M
06/20/95 M
06/26/95 M
07/03/95 M
07/10/95 M
07/18/95 M
07/18/95
07/25/95 M
07/31/95 M
08/08/95 M
08/15/95 M
08/21/95 M
08/28/95 M
09/05/95 M
09/12/95 M
09/19/95 M
09/26/95 M
10/02/95
10/02/95
10/02/95
10/03/95
10/03/95 M
-.)
00
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Table Cl. Benthic macroinvertebrate data for six sampling sites on two Nacogdoches County, Texas streams.
---
Benthos Waffelow Creek Terrapin Creek
-
IA IB 2A 2B 3A 3B
- ~ ---
Classification Common Name Apr· OctO Apr· OctO Apr" OctO Apr" OctO Apr" OctOO Apr•• OctOO
-
Amphipoda-Gammaridae Sideswimmer/Scud 4 I 5 1 3
Coleoptera-Elmidae Riffle beetle I 2 I 2
Decapoda-Cambarinae Crawfish 1 2 I 1 2 I
Decapoda-Paleomonidae Freshwater shrimp 3 I I
Diptera-Chironomidae Bloodworm 23 3 24 2 15 4 7 8 4 3 13 6
Diptera-Helidae Black gnat I 1
Diptera-Tabanidae Horsefly I J
Diptera-Tipulidae Cranefly I
Ephemeroptera Mayfly II 2 10 4 9 2 7 7 17 5 6 4
Hemiptera-Notonectidae Waterboatman I
Odonata-Anisoptera Dragonfly 6 4 I I
Odonata-Zygoptera Damselfly I I I I 2 1
Oligochaeta Aquatic worm 4 I 10 10 3 3 4 3 2
Trichootera Caddisflv I 2 3 5 3 2 I 2
----
Dissolved Oxygen (mgIL) 8.4 8.2 8.5 8.2 7.5 6.1 7.0 7.1 7.9 8.4 8.0 8.4
Water Temperature (0C) 18.9 17.2 19.0 17.6 19.0 16.8 19.0 17.3 18.5 16.1 19.1 16.9
Apr· =: 04/08/95; Apr·· = 04/09/95; OctO = 10/19/95; OctOO = 10/20/95
00
o
Table Cl. (Continued).
Waffelow Creek Terrapin Cree~
- -
IA IB 2A 2B 3A 38
----
Test Apr· OctO Apr· OctO Apr·· OctO Apr·· OctO Apr•• OctOO Apr•• OctOO
Diversity Index (H) 2.291 1.906 1.612 2.369 2.523 2.548 2.265 2.370 2.132 1.825 2.075 2.073
Evenness (E) 0.723 0.953 0.574 0.916 0.899 0.849 0.876 0.844 0.711 0.913 0.803 0.893
Richness (R) 2.056 [.443 1.638 2.085 1.542 2.148 1.573 1.888 2.038 1.207 1.517 1.477
Mean H (Apr value + Oct value)/2 2.099 1.991 2.536 2.318 1.979 2.074
MeanE 0.838 0.745 0.874 0.860 0.812 0.848
MeanR 1.750 1.862 1.845 1.731 1.623 1.497
Percent "8" mean H differs from "A" mean H -5 -9 5
Percent "B" mean E differs from "A" mean E -II -2 4
Percent "B" mean R differs from"A" mean R 6 -6 -8
EPT Index II 3 10 6 9 5 12 10 19 6 6 6
Mean EPT Index (Apr value + Oct value)12 7 8 7 II 13 6
Percent "B" mean EPT differs from "A" mean EPT 14 57 -52
-.--
Apr· = 04/08/95; Apr" = 04/09/95; OctO = 10/19/95; OctOO = 10/20/95
(H) from Shannon and Weaver (1949)
(E) from Pielou (l975)
(R) from Margalef (1957)
(EPT) from Twidwell and Davis (1989)
00
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Table 01. Descriptive statistics for concentrations (mgIL) of 12 water quality/quantity
parameters at six sites on two streams in Nacogdoches County, Texas
for M + A samples between March and November, 1995.
Waffelow Creek Terrap in Creek
Parameter Statistic IA 18 2A 2B 3A 38
P04-P Mean 0.016 0.005 0.009 0.007 0.006 0.005
tdDev 0.051 0.003 0.025 0.014 0.008 0.004
Maximum 0.320 0.023 0.169 0.098 0.051 0.028
Minimum <0.008 <0.008 <0.008 <0.008 <0.008 <0.008
TP Mean 0.059 0.105 0.090 0.104 0.036 ilJl28
Std Dev 0.136 0.212 0.089 0.091 0.036 0.192
Maximum 0.766 1.092 0.445 0.419 0.145 0.916
Minimum 0.000 0.000 0.000 0.015 0.000 0.000
N03-N Mean 0.103 0.155 0.135 iWJ 0.597 ~
Std Dev 0.068 0.221 0.071 0.161 0.243 0.279
Maximum 0.347 1.346 0.460 0.695 1.048 1.511
Minimum 0.000 0.000 0.033 0.115 0.165 0.217
TKN Mean 0.467 0.547 0.650 I.I 14 0.389 0.496
Std Dev 0.940 0.744 0.801 2.110 0.658 0.970
Maximum 4.165 2.670 3.149 10.686 2.818 4.630
Minimum <0.050 <0.050 <0.050 <0.050 <0.050 <0.050
Ca Mean 3.324 Un1 6.390 5.416 3.323 4.009
Std Dev 0.448 1.183 2.607 2.398 2.363 2.497
Maximum 4.014 6.189 13.660 13.000 10.670 10.960
Minimum 2.288 1.092 3.846 2.840 1.271 1.648
Mg Mean 2.840 J.H4 5.024 4.201 2.765 3.200
StdDev 0.374 1.011 2.548 2.288 2.142 2.042
Maximum 3.352 4.793 12.190 11.610 10.250 9.672
Minimum 1.802 0.868 2.806 2.133 1.214 1.420
K Mean 2.701 UDl 3.268 2.412 1.348 1.933
Std Dev 0.595 1.354 5.126 1.041 0.530 2.757
Maximum 4.713 9.324 36.041 7.790 3.352 20.180
Minimum 2.084 1.974 1.491 1.534 0.579 0.866
a Mean 6.099 6.298 6.704 6.140 3.640 ~
Std Dev 1.107 2.052 1.633 1.552 1.222 1.252
Maximum 9.010 13.990 11.090 10.800 7.633 8.101
Minimum 3.498 1.377 2.788 2.970 0.931 2.960
TSS Mean 34.1 179.9 47.8 52.5 54.8 60.2
StdDev 91.5 586.2 85.6 83.6 124.8 114.6
Maximum 545.0 3200.0 510.0 370.0 740.0 500.0
Minimum 1.7 0.0 0.0 2.0 2.0 2.0
184
Table D1. (continued)
Waffelow Creek Terrapin Creek
Parameter Statistic lA IB 2A 2B 3A 3B
DO Mean 8.2 8.3 6.2 6.6 7.8 7.7
Std Dev 0.5 0.8 1.4 1.0 0.7 0.6
Maximwn 9.5 9.9 9.4 8.9 9.1 9.1
Minimwn 7.3 6.6 3.9 4.8 6.8 6.9
pH (0-14) Mean 6.02 LU 6.47 6.52 6.46 W
Std Dev 0.22 0.28 0.22 0.21 0.18 0.22
Maximwn 6.52 7.01 6.86 6.88 6.89 7.10
Minimwn 5.37 5.43 6.02 5.92 5.96 5.97
Disch (Us) Mean 23 ~ 250 295 242 ID
Std Dev 19 136 361 343 247 352
Maximwn 85 487 1810 1640 1100 1700
Minimwn 5 4 12 40 25 180
ote: Estimated discharge data (Appendix Table A2) were not used in any calculations in this study.
Sources for data shown here are appendix tables Bl - B12.
Values that are bold and underlined are significantly higher (alpha =0.05) than the corresponding A site.
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Table D2. Descriptive statistics for concentrations (mg/L) of 12 water quality/quantity
parameters at six sites on two streams in Nacogdoches County, Texas
for manual samples between March and November, 1995.
Waffelow Creek Terrapin Creek
Parameter Statistic lA IB 2A 28 3A 3B
P04·P Mean 0.017 0.005 0.009 0.004 0.006 <0.008
StdDev 0.055 0.003 0.028 0.002 0.009 0.000
Maximum 0.320 0.023 0.169 0.015 0.051 <0.008
Minimum <0.008 <0.008 <0.008 <0.008 <0.008 <0.008
TP Mean 0.055 0.039 . 0.082 0.077 0.032 0.034
Std Dev 0.148 0.038 0.088 0.052 0.031 0.028
Maximum 0.766 0.179 0.445 0.274 0.134 0.110
Minimum 0.000 0.000 0.000 0.015 0.000 0.000
N03-N Mean 0.097 0.147 0.133 n..4n2 0.649 W1l
Std Dev 0.067 0.230 0.073 0.152 0.212 0.226
Maximum 0.347 1.346 0.460 0.695 1.000 1.122
Minimum 0.000 0.000 0.033 0.182 0.266 0.332
TKN Mean 0.536 0.496 0.591 1.198 0.310 0.436
Std Dev 0.998 0.713 0.780 2.399 0.522 0.875
Maximum 4.165 2.670 3.149 10.686 2.818 4.630
Minimum <0.050 <0.050 <0.050 <0.050 <0.050 <0.050
Ca Mean 3.452 ~ 5.718 5.001 2.948 3.507
Std Dev 0324 0.719 2.128 2.034 2.249 2.412
Maximum 4.014 6.189 13.660 13.000 10.670 10.960
Minimum 2.588 2.835 3.846 3.524 1.271 1.648
Mg Mean 2.951 J.161 4.389 3.813 2.492 2.820
Std Dev 0.243 0.549 2.103 1.957 2.027 1.975
Maximum 3.352 4.793 12.190 11.610 10.250 9.672
Minimum 2.311 2.338 2.806 2.493 1.214 1.420
K Mean 2.783 ~ 2.676 2.396 1.169 1.949
StdDev 0.605 0.951 1.956 1.162 0.375 3.247
Maximum 4.713 5.604 11.440 7.791 1.983 20.180
Minimum 2.155 2.087 1.491 1.534 0.579 0.866
a Mean 6.413 6.801 ~ 6.062 3.596 ~
Std Dev 0.827 1.562 1.314 1.209 1.025 1.170
Maximum 9.010 13.990 11.090 10.800 7.633 8.101
Minimum 4.629 4.293 5.439 4.691 2.734 3.065
TSS Mean 9.4 10.1 21.2 17.0 20.9 14.9
Std Dev 20.7 11.5 28.9 19.2 29.7 9.3
Maximum 122.0 64.0 165.0 112.0 180.0 40.0
Minimum 1.7 0.0 4.0 2.0 2.0 2.0
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Table D2. (continued)
Waffelow Creek Terrapin Creek
Parameter Statistic lA IB 2A 2B 3A 3B
DO Mean 8.2 8.3 6.2 6.6 7.8 7.7
tdDev 0.5 0.8 104 1.0 0.7 0.6
Maximwn 9.5 9.9 904 8.9 9.1 9.1
Minimwn 7.3 6.6 3.9 4.8 6.8 6.9
pH (0-14) Mean 6.02 Lll 6046 6049 ·6043 ~
Std Dev 0.19 0.22 0.19 0.21 0.17 0.19
Maximwn 6.35 7.01 6.86 6.82 6.68 6.89
Minimwn 5041 5.84 6.04 5.92 5.96 5.97
Disch (Us) Mean 17 II 119 164 177 m
Std Dev 9 33 153 181 195 151
Maximwn 49 165 531 615 1100 825
Minimwn 5 4 12 40 25 180
Estimated discharge data (Appendix Table A2) were not used in any calculations in this study.
Sources for data shown here are Appendix Tables B1 - B 12.
Values that are bold and lUlderlined are significantly higher (alpha = 0.05) than the corresponding A or
B site.
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Table D3. Descriptive statistics for concentrations (mg/L) of 12 water quality/quantity
parameters at six sites on two streams in Nacogdoches County, Texas
for automatic samples between March and November, 1995.
Waffelow Creek Terrapin Creek
Parameter Statistic lA 18 2A 28 3A 38
P04-P Mean 0.011 0.004 0.007 0.017 0.006 0.007
StdDev 0.008 0.004 0.006 0.029 0.005 0.007
Maximum 0.023 0.013 0.019 0.098 O.oI7 0.028
Minimum <{).O08 <0.008 <0.008 <0.008 <0.008 <0.008
TP Mean 0.080 0.523 0.114 0.184 0.050 ~
Std Dev 0.052 0.372 0.091 0.132 0.049 0.312
Maximum 0.176 1.092 0.258 0.419 0.145 0.916
Minimum 0.017 0.137 0.000 0.046 0.000 0.043
N03-N Mean 0.133 0.210 0.144 !l..lli 0.439 0.657
Std Dev 0.074 0.152 0.068 0.169 0.270 0.365
Maximum 0.277 0.474 0.283 0.616 1.048 1.511
Minimum 0.076 0.099 0.057 0.000 0.165 0.217
TKN Mean 0.040 0.879 0.850 0.860 0.659 0.643
Std Dev 0.034 0.948 0.882 0.800 0.982 1.201
Maximum 0.101 2.184 2.146 1.919 2.818 4.344
Minimum <0.050 <0.050 <0.050 <0.050 <0.050 <0.050
Ca Mean UQ!l 1.651 8.407 6.565 4.449 5.323
StdDev 0.365 0.443 2.952 2.999 2.436 2.308
Maximum 3.227 2.116 13.560 11.450 8.845 9.475
Minimum 2.288 1.092 4.460 2.840 2.194 1.794
Mg Mean 1.llJl 1.180 6.926 5.274 3.581 4.197
StdDev 0.378 0.273 2.898 2.843 2.358 1.942
Maximum 2.793 1.482 12.010 9.810 7.923 8.013
Minimum 1.802 0.868 3.249 2.133 1.497 1.663
K Mean 2.236 4.050 5.043 2.457 1.886 1.892
Std Dev 0.194 3.040 9.773 0.630 0.574 0.395
Maximum 2.602 9.324 36.041 3.744 3.352 2.641
Minimum 2.084 1.974 1.752 1.890 1.219 1.339
a Mean 4.319 2.779 6.839 6.356 3.770 4.710
StdDev 0.735 1.628 2.424 2.302 1.735 1.428
Maximum 5.366 5.559 10.480 9.626 6.500 7.337
Minimum 3.498 1.377 2.788 2.970 0.931 2.960
TSS Mean 174.5 1368.0 127.6 148.0 156.5 170.1
StdDev 186.2 1154.0 139.2 113.1 220.6 169.9
Maximum 545.0 3200.0 510.0 370.0 740.0 500.0
Minimum 18.0 310.0 0.0 16.7 20.0 27.5
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Table 03. (continued)
Waffelow Creek Terrapin Creek
Parameter Statistic lA 1B 2A 2B 3A 3B
DO Mean N/A N/A N/A N/A N/A N/A
Std Dev N/A N/A N/A N/A N/A N/A
Maximmn N/A N/A N/A N/A N/A N/A
Minimum N/A N/A N/A N/A N/A N/A
pH (0-14) Mean 6.02 5.76 6.51 6.59 6.55 6.70
Std Dev 0.37 0.23 0.29 0.19 0.21 0.23
Maximmn 6.52 6.03 6.82 6.88 6.89 7.10
Minimmn 5.37 5.43 6.02 6.33 6.20 6.27
Disch (Us) Mean 60 m. 773 754 537 907
StdDev 22 133 478 389 252 501
Maximum 85 487 1810 1640 940 1700
Minimum 36 175 102 305 270 367
Estimated discharge data (Appendix Table A2) were not used in any calculations in this study.
Sources for data shown here are Appendix Tables B1 - B12.
Values that are bold and underlined are significantly higher (alpha = 0.05) than the corresponding A or
B site.
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Table 04. Mean and standard deviation for concentrations (mgIL) of 12 water quality
& quantity parameters at six sites on two streams in Nacogdoches Co., Texas
for all "A" site and all "B" site samples between March and November, 1995.
"A" (forested) "B" (pastured)
Parameter Statistic M+A* Manual* Auto* M+A* Manual· Auto·
P04-P Mean 0.010 0.010 0.008 0.006 0.004 0.011
Std Dev 0.032 0.035 0.006 0.009 0.002 0.018
TP Mean 0.062 0.056 0.082 1l..W 0.050 JW2
Std Dev 0.095 0.100 0.072 0.170 0.045 0.285
N03-N Mean 0.289 0.297 0.260 !Wl !Wl !Wl
Std Dev 0.276 0.288 0.229 0.332 0.338 0.317
TKN Mean 0.504 0.4771 0.612 0.725 0.713 0.766
Std Dev 0.800 0.7851 0.864 1.446 1.559 0.994
K Mean 2.424 2.199 3.219 2.508 2.518 2.477
Std Dev 3.168 1.410 6.219 1.952 2.089 1.419
Na Mean 5.444 5.540 5.107 5.564 5.704 5.089
Std Dev 1.911 1.764 2.361 1.847 1.708 2.222
Ca Mean 4.406 4.050 5.662 4.562 4.359 5.252
Std Dev 2.556 2.171 3.354 2.234 1.948 2.944
Mg Mean 3.584 3.284 4.645 3.632 3.476 4.162
StdDev 2.244 1.879 3.028 1.942 1.683 2.602
TSS Mean 46.2 17.3 148.5 92.7 14.0 348.3
StdDev 102.3 27.2 179.3 330.9 14.2 622.8
DO Mean 7.3 73 N/A 7.5 7.5 N/A
Std Dev 1.3 1.3 N/A 1.1 1.1 N/A
pH (0-14) Mean 6.34 6.31 6.43 ~ tiM 6.51
Std Dev 0.29 0.27 0.34 0.27 0.22 0.39
Disch (Us) Mean 180 108 525 1&1 ill 738
StdDev 278 158 431 331 181 431
*M+A =Manual + Automatic, Manual =Manual samples only, Auto =Automatic samples only
Note: Estimated discharge data (Appendix Table A2) were not used in any calculations in this study.
Maximum and minimum values are presented on Table D1.
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Table El. Descriptive statistics for mass losses (mglha/sec) ofnine water quality
parameters at six sites on two streams in Nacogdoches County, Texas
for M + A samples between March and November, 1995.
Waffelow Creek Terrapin Creek
Parameter Statistic IA IB 2A 2B 3A 3B
P04-P Mean 0.0014 0.0020 0.0007 0.0005 0.0005 0.0004
Std Dev 0.0035 0.0047 0.0024 0.0011 0.0011 0.0003
Maximum 0.0190 0.0233 0.0157 0.0068 0.0071 0.0015
Minimum 0.0001 0.0001 0.0000 0.0000 0.0000 0.0002
TP Mean 0.0060 0.1081 0.0047 0.0084 0.0031 0.0060
StdDev 0.0129 0.3270 0.0093 0.0179 0.0041 0.0095
Maximum 0.0640 1.5870 0.0410 0.1060 0.0160 0.0410
Minimum 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
N03-N Mean 0.0105 0.0496 0.0073 D.J!lJ1 0.0362 Mill
Std Dev 0.0167 0.1303 0.0113 0.0247 0.0332 0.0409
Maximum 0.1000 0.6890 0.0470 0.1090 0.1960 0.2010
Minimum 0.0000 0.0000 0.0000 0.0020 0.0080 0.0250
TKN Mean 0.0364 0.1959 0.0314 0.0558 0.0405 0.0527
Std Dev 0.0803 0.5254 0.0814 0.1079 0.1213 0.1420
Maximum 0.4288 2.6551 0.4083 0.4972 0.6066 0.8689
Minimum 0.0005 0.0004 0.0001 0.0002 0.0002 0.0011
Ca Mean 0.3004 D..1lli 0.5830 0.5236 0.3514 0.5011
Std Dev 0.2048 0.9513 1.0075 0.8155 0.5345 0.6732
Maximum 0.8580 3.8890 5.2120 4.5470 2.4730 3.0190
Minimum 0.0780 0.0640 0.0150 0.0370 0.0130 0.0680
Mg Mean 0.2594 ~ 0.4925 0.4305 0.2906 0.3956
StdDev 0.1782 0.7002 0.8695 0.6988 0.4518 0.5240
Maximum 0.7520 2.7240 4.4420 3.8950 2.0700 2.2990
Minimum 0.0630 0.0520 0.0100 0.0260 0.0110 0.0610
K Mean 0.2422 lJlID 0.1581 0.1683 0.1266 0.1856
StdDev 0.1764 2.4827 02288 0.2412 0.1727 0.2341
Maximum 0.9410 13.5460 1.2500 1.4280 0.6750 1.2940
Minimum 0.0610 0.0390 0.0060 0.0190 0.0080 0.0370
Na Mean 0.5381
.uJl8l 0.5239 0.5034 0.3186 0.4811
StdDev 0.3386 1.5900 0.8486 0.6935 0.3745 0.5399
Maximum 1.4660 8.0760 4.4360 3.7810 1.6500 2.4310
Minimum 0.1490 0.0900 0.0180 0.0510 0.0240 0.1290
TSS Mean 4.2 264.8 3.7 6.0 6.8 7.6
StdDev 11.0 912.5 11.4 13.6 17.7 17.6
Maximum 47.0 4649.0 69.0 71.7 86.2 92.2
Minimum 0.1 0.0 0.0 0.0 0.1 0.1
Conversion ofconcentration data to mass did not include those data where no discharge was available.
Values that are bold and tmderlined are statistica11y higher (alpha = 0.05) than the corresponding A site.
192
Table E2. Descriptive statistics for mass losses (mg/ha/sec) ofnine water quality
parameters at six sites on two streams in NacOgdoches County, Texas
for manual samples between March and November, 1995.
Waffelow Creek Terrapin Creek
Parameter Statistic lA 18 2A 28 3A 38
P04-P Mean 0.0012 0.0006 0.0006 0.0002 0.0004 0.0003
Std Dey 0.0035 0.0009 0.0026 0.0003 0.0012 0.0001
Maximum 0.0190 0.0047 0.0157 0.0016 0.0071 0.0005
Minimum 0.0001 0.0001 0.0000 0.0000 0.0000 0.0002
TP Mean 0.0033 0.0044 0.0026 0.0033 0.0017 0.0024
StdDev 0.0069 0.0067 0.0072 0.0056 0.0024 0.0023
Maximum 0.0330 0.0320 0.0410 0.0300 0.0120 0.0090
Minimum 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
N03·N Mean 0.0062 ~ 0.0037 1lJU.4!l 0.0268 Wll
Std Dey 0.0044 0.0087 0.0072 0.0123 0.0162 0.0138
Maximum 0.0150 0.0330 0.0430 0.0480 0.0930 0.0860
Minimum 0.0000 0.0000 0.0000 0.0020 0.0080 0.0250
TKN Mean 0.0406 0.0579 0.0159 0.0279 0.0125 0.0268
StdDey 0.0863 0.1432 0.0503 0.0508 0.0195 0.0489
Maximum 0.4288 0.7673 0.2927 0.2208 0.0832 0.2063
Minimum 0.0005 0.0004 0.0001 0.0002 0.0002 0.0011
Ca Mean 0.2433 !l.SJ.M 0.2493 0.2717 0.2649 0.3145
Std Dev 0.1301 0.5696 0.4145 0.4090 0.4923 0.3962
Maximum 0.6940 2.8870 1.8950 1.8040 2.4730 1.9660
Minimum 0.0780 0.0640 0.0150 0.0370 0.0130 0.0680
Mg Mean 0.2100 ~ 0.2079 0.2211 0.2262 0.2539
Std Dev 0.1138 0.5021 0.3624 0.3546 0.4283 0.3359
Maximum 0.6020 2.5290 1.6910 1.6110 2.0700 1.7350
Minimum 0.0630 0.0520 0.0100 0.0260 0.0110 0.0610
K Mean 0.1898 D.m1 0.0887 0.0904 0.0806 0.1393
Std Dev 0.0825 0.3024 0.1241 0.1082 0.1196 0.2154
Maximum 0.4490 1.5170 0.5390 0.5000 0.6750 1.2940
Minimum 0.0610 0.0390 0.0060 0.0190 0.0080 0.0310
a Mean 0.4469 Jl.1.12j 0.2384 0.2761 0.2412 0.3272
Std Dev 0.2169 0.7986 0.3515 0.3618 0.3296 0.2739
Maximum 1.1600 4.0830 1.5390 1.4980 1.6500 1.4530
Minimum 0.1490 0.0900 O.oI80 0.0510 0.0240 0.1290
TSS Mean 0.5 1.1 0.6 1.0 2.6 1.1
Std Dev 0.9 1.5 l.l 2.2 10.4 0.9
Maximum 5.2 6.2 6.2 12.4 62.9 3.7
Minimum 0.1 0.0 0.0 0.0 0.1 0.1
Conversion ofconcentration data to mass did not include those data where no discharge was available.
Values that are bold and underlined are statistically higher (alpha = 0.05) than the corresponding A site.
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Table E3. Descriptive statistics for mass losses (mglha/sec) ofnine water quality
parameters at six sites on two streams in Nacogdoches County, Texas
for automatic samples between March and November, 1995.
Waffelow Creek Terrapin Creek
Parameter Statistic lA IB 2A 2B 3A 3B
P04-P Mean 0.0031 0.0115 0.0014 0.0016 0.0007 0.0009
Std Dev 0.0034 0.0089 0.0012 0.0022 0.0003 0.0005
Maximum 0.0082 0.0233 0.0035 0.0068 0.0012 0.0015
Minimum 0.0006 0.0026 0.0001 0.0003 0.0003 0.0003
TP Mean 0.0242 o:Iill 0.0149 0.0284 0.0086 nmJl.1
StdDev 0.0234 0.5786 0.01l9 0.0322 0.0050 0.0133
Maximum 0.0640 1.5870 0.0370 0.1060 0.0160 0.0410
Minimum 0.0030 0.2430 0.0000 0.0090 0.0000 0.0040
03- Mean 0.0376 J!.llU 0.0219 ~ 0.0785 0.1274
StdDev 0.0360 0.2335 0.0131 0.0281 0.0542 0.0594
Maximum 0.1000 0.6890 0.0470 0.1 090 0.1960 0.2010
Minimum 0.0120 0.0750 0.0080 0.0240 0.0300 0.0340
TKN Mean 0.0119 1.0794 0.1065 0.1677 0.1593 0.1444
Std Dev 0.0140 1.0443 0.1495 0.1886 0.2539 0.2819
Maximum 0.0367 2.6551 0.4083 0.4972 0.6066 0.8689
Minimum 0.0038 0.0363 0.0052 0.0033 0.0028 0.0030
Ca Mean 0.6660 ~ 1.9174 1.4052 0.7409 1.2941
StdDev 0.2303 1.1985 1.5252 12285 0.5756 1.0133
Maximum 0.8580 3.8890 5.2120 4.5470 1.8110 3.0190
Minimum 0.3510 0.8410 0.1890 0.2100 0.1880 0.1430
Mg Mean 0.5756 1.!ill 1.6309 1.1633 0.5805 0.9976
StdDev 0.2026 0.7654 1.3270 1.0702 0.4683 0.7515
Maximum 0.7520 2.7240 4.4420 3.8950 1.4820 2.2990
Minimum 0.2950 0.6490 0.1270 0.1580 0.1390 0.1330
K Mean 0.5772 6.1126 0.4360 0.4410 0.3338 0.3823
StdDev 0.2549 4.6295 0.3345 0.3660 0.2274 0.2186
Maximum 0.9410 13.5460 1.2500 1.4280 0.6420 0.7070
Minimum 0.3190 1.6490 0.0930 0.1620 0.1440 0.1200
a Mean 1.1220 4.1232 1.6657 1.2990 0.6669 1.1350
StdDev 0.4179 2.5639 1.2598 0.9759 0.3860 0.8661
Maximum 1.4660 8.0760 4.4360 3.7810 1.3650 2.4310
Minimum 0.5360 1.5090 0.1140 0.3510 0.2870 0.2590
TSS Mean 27.7 2058.0 16.3 23.3 25.5 35.2
StdDev 17.1 1816.0 22.0 21.0 29.9 27.0
Maximum 47.0 4649.0 69.0 71.7 86.2 92.2
Minimum 2.8 574.5 0.0 2.5 2.9 6.1
Conversion ofconcentration data to mass did not include those data where no discharge was available.
Values that are bold and Wlderlined are statistically higher (alpha = 0.05) than the corresponding A site.
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Table E4. Mean and standard deviation for mass losses (mg/halsec) ofnine water
quality parameters at six sites on two streams in Nacogdoches County, Texas
for all "A" site and all "B" site samples between March and ovember, 1995.
"A" (forested) "B" (pastured)
Parameter Statistic M+A· Manual· Auto· M+A· Manual· Auto·
P04-P Mean 0.0008 0.0007 0.0015 0.0009 0.0004 0.0038
Std Dev 0.0025 0.0025 0.0019 0.0029 0.0006 0.0063
TP Mean 0.0046 0.0025 0.0147 !lJlJ.2.1 0.0033 0.1974
Std Dev 0.0092 0.0058 0.0144 0.1884 0.0052 0.4100
N03· Mean 0.0183 0.0125 0.0460 DJlill ~ DJ.ill
td Dev 0.0260 0.0150 0.0443 0.0790 0.0221 0.1484
TKN Mean 0.0361 0.0221 0.1040 0J!281 0.0375 0.3654
Std Dev 0.0966 0.0576 0.1854 0.3163 0.0923 0.6538
Ca Mean 0.4191 0.2528 1.2052 0.6012 JU1J2 1.6191
Std Dev 0.6950 0.3820 1.1728 0.8219 0.4746 1.2119
Mg Mean 0.3536 0.2149 1.0091 0.4815 0.3107 1.2466
Std Dev 0.5970 0.3331 1.0159 0.6493 0.4137 0.9235
K Mean 0.1718 0.1170 0.4309 !Wll !I.J.m 1.6535
Std Dev 0.1992 0.1206 0.2845 1.4445 0.2446 3.1212
Na Mean 0.4564 0.3035 1.1789 g..zw um 1.8559
StdDev 0.5874 0.3198 0.9433 1.0695 0.5708 1.8224
TSS Mean 4.9 1.3 22.2 87.3 1.0 469.8
Std Dev 13.8 6.2 23.7 519.4 1.6 1154.5
·M+A =All samples for that land use, Manual =Manual samples only, Auto =Automatic samples only.
Conversion of concentration data to mass did not include those data where 00 discharge was available.
Values that are bold and underlined are statistically higher (alpha =0.05) than the corresponding A site.
Maximum and minimum values are presented on Table E1.
Table E5. Losses ofelements and TSS on a monthly basis for six stream sites in Nacogdoches County,
Texas for the study period ofMarch through November. 1995.
------ - - - --
.__ (kg/ha/month)t__ _._ ._ _ _
Site Month__ P04-P ~P ~03-N TKN _~a .~__Mg Na__ ~s~
IA March 0.0029 0.0022 0.0 I55 0.0065 0.8855 0.7110 0.7884 1.5219 1.67
April 0.0061 0.0252 0.0501 0.1079 1.4256 1.1026 1.2174 2.3663 81.20
May 0.0081 0.0214 0.0647 0.2898 1.4184 1.1187 1.2374 2.5219 18.24
June 0.0008 0.0043 0.0266 0.0583 0.7433 0.5027 0.5791 1.2636 0.54
July 0.0005 0.0191 0.0210 0.0211 0.4057 0.3297 0.3418 0.7689 3.43
August 0.0004 0.0080 0.0102 0.1493 0.3496 0.2783 0.2963 0.6796 0.55
September 0.0008 0.0024 0.020 I 0.0681 0.6890 0.4997 0.5757 1.2772 1.50
October 0.0107 0.0161 0.0105 0.0049 0.5543 0.5984 0.4767 1.0938 1.60
November 0.0006 0.0029 0.0000 0.1252 0.5582 0.4279 0.4983 1.0966 0.62
--- ----- ----- _--
Total· 0.0309 0.1016 0.2187 0.8311 7.0296 5.5690 6.0111 12.5898 109.35
Annual (kglha/yr)·· 0.0412 0.1355 0.2916 1.1081 9.3728 7.4253 8.0148 16.7864 145.80
Annual (Mglyr)"· 0.01 0.03 0.1 0.3 2.2 1.7 1.9 3.9 34.3
18 March 0.0094 0.0147 0.0525 0.0267 5.0028 2.4907 4.3657 6.8243 7.89
April 0.0334 0.5162 0.3923 3.6727 10.7478 9.4313 8.3005 12.2539 1220.59
May 0.0021 0.0185 0.0397 0.3888 2.1164 1.2334 1.8033 2.9961 3.01
June 0.0014 0.0254 0.0334 0.0547 1.5528 0.9828 1.2500 2.2221 2.81
July 0.0005 0.0041 0.0186 0.0485 0.5783 0.4474 0.4722 0.8818 1.83
August 0.0003 0.0048 0.0358 0.0512 0.3810 0.3729 0.3050 0.6809 0.62
September 0.0006 0.0041 0.0256 0.1056 0.7336 0.5292 0.5864 1.0296 1.97
October 0.0065 0.5100 0.1959 1.0828 5.2674 6.4094 4.3848 8.8353 1203.56
November 0.0017 0.0117 0.0000 0.0106 1.9982 1.4438 1.7093 3.2353 2.25
-- --- . - - - - - - ~ - --
Total· 0.0559 1.1095 0.7938 5.4416 28.3783 23.3409 23.1772 38.9593 2444.53
Annual (kglha/yr)" 0.0745 1.4793 1.0584 7.255537.8377 31.1212 30.902951.94573259.37
Annual (Mg/yr)··· 0.02 0.4 0.3 1.9 10.0 8.2 8.2 13.8 863.7
- ----------- --- --- -- - - - \0
VI
Table E5 . (continued)
- ----
(kglha/month)t
Site Month P04-P TP N03-N TKN Ca K Mg Na TSS
-
2A March 0.0544 0.1985 0.0195 0.4576 65.6024 12.4745 57.5025 55.5644 67.39
April 0.0612 0.5955 0.0891 11.3209 83.4199 33.5976 68.3524 70.1526 1702.38
May 0.0206 0.3851 0.0318 1.7647 29.2106 23.4094 23.9763 27.6399 163.59
June 0.0012 0.0356 0.0030 0.2186 1.3191 0.4685 0.9683 1.6422 21.02
July 0.0022 0.0814 0.0062 0.2876 3.1603 1.4607 2.1932 3.2256 35.44
August 0.0006 0.0219 0.0017 0.1844 0.7104 0.3180 0.4820 1.0464 2.04
September 0.0008 0.0082 0.0015 0.0770 0.8589 0.4160 0.5802 1.1793 1.97
October 0.0389 0.1266 0.0109 0.6844 4.9225 3.0882 3.6470 6.2933 22.47
November 0.0047 0.0462 0.0070 0.6890 5.0249 5.9990 3.7493 7.6927 8.28
Total- 0.1846 1.4990 0.1707 15.6842 194.2290 81.2319 161.4512 174.4364 2024.58
Aurnnual(kglha/yr)·· 0.2461 1.9987 0.2276 20.9123 258.9720 108.3092 215.2683 232.5819 2699.44
Annual (MgIyr)-" 0.9 7.6 0.9 79.9 989.3 413.7 822.3 888.5 10311.9
2B March 0.0436 0.3734 0.0691 2.7375 59.4695 12.2143 51.5270 54.4230 88.46
April 0.3190 1.9353 0.2108 8.7729 73.1831 28.3227 58.5721 64.8181 1112.33
May 0.0246 0.4820 0.1133 2.9161 31.4544 10.4306 24.5063 32.8569 572.31
June 0.0026 0.0538 0.0226 0.2049 2.6968 1.3631 1.9569 3.4735 7.05
July 0.0076 0.2008 0.0643 3.8965 7.7689 4.1947 5.5170 10.1525 134.24
August 0.0020 0.0745 0.0161 0.3151 1.9731 1.0156 1.3784 2.6163 7.35
September 0.0020 0.0277 0.0154 1.2965 1.8485 1.9639 1.2871 2.8288 5.64
October 0.0118 0.2525 0.0599 3.0686 7.5958 5.1582 5.5546 10.5135 106.77
November 0.0024 0.0222 0.0111 0.3966 2.2164 1.5608 1.6080 3.5109 2.95
Total- 0.4156 3.4222 0.5826 23.6047 188.2065 66.2239 151.9074 185.1935 2037.10
Aurnnual(kg/halyr)-- 0.5541 4.5629 0.7768 31.4729 250.9420 88.2985 202.5432 246.9247 2716.13
Aurnnual (Mg/yr)·_· 2.3 18.8 3.2 130.0 1036.4 364.7 836.5 1019.8 11217.6
-\0
0'1
Site Month P04-P TP N03-N TKN Ca K Mg Na TSS
3A March 0.0684 0.0888 0.1127 0.3723 34.4811 7.3701 30.8610 26.0454 90.36
April 0.0365 0.1108 0.1688 1.5072 28.4532 13.7429 22.3654 20.8621 1169.50
May 0.0205 0.2497 0.1796 2.9669 21.9170 7.2617 17.4285 19.5538 537.01
June 0.0081 0.0323 0.0482 0.1490 1.7357 0.7341 1.3820 2.4789 10.54
July 0.0059 0.0294 0.0773 0.5978 2.5389 1.4170 2.0654 4.3817 41.76
August 0.0021 0.0667 0.0334 0.2296 0.8016 0.4648 0.6920 1.5152 7.48
September 0.0030 0.0134 0.0430 0.1066 1.1398 0.7752 0.9529 2.3895 12.82
October 0.0076 0.0774 0.0973 1.2978 3.3327 2.3580 2.6830 6.0471 53.92
November 0.0066 0.0262 0.0874 0.0413 2.6635 2.6029 2.2911 5.7137 8.81
-
Tota'· 0.1587 0.6947 0.8477 7.2685 97.0635 36.7267 80.7213 88.9874 1932.20
Annual (kg/ha/yr)" 0.2116 0.9263 1.1303 9.6913 129.4180 48.9689 107.6284 118.6499 2576.27
Annual (Mg/yr)." 0.7 2.9 3.6 30.5 407.7 154.3 339.0 373.7 8115.2
3B March 0.0650 0.2410 0.1704 0.7094 56.2211 12.1252 46.7024 44.1401 119.28
April 0.0926 1.6510 0.3889 6.0400 91.7886 27.4660 68.0857 77.7155 1935.63
May 0.0292 0.5843 0.1870 4.4413 35.5662 11.0993 28.0220 29.8794 991.85
June 0.0102 0.0855 0.1162 0.3286 7.40 J2 3.5979 5.6856 9.2809 37.34
July 0.0105 0.8479 0.1290 2.8131 5.8604 3.9484 4.7230 9.2057 65.97
August 0.0099 0.1891 0.1248 1.2230 4.7926 2.8704 4.0153 8.2003 35.78
September 0.0108 0.0414 0.1339 0.4412 5.0776 2.9930 4.1982 9.7361 35.04
October 0.0123 0.1421 0.1473 1.3550 5.4650 3.9405 4.6311 10.4548 103.22
November 0.01S4 0.0564 0.1589 0.1323 7.9701 29.5161 6.6206 15.4469 30.76
-_.
Total· 0.2559 3.8387 1.5564 17.4839 220.1428 97.5568 172.6839 214.0597 3354.87
Annual (kgIbaIyr)" 0.3412 5.1183 2.0752 23.3119 293.5237 130.0757 230.2452 285.4129 4473.16
Annual(~)··· 1.6 23.5 9.5 107.2 1350.2 598.3 1059.1 1312.9 20576.5
t kglha/month = [(mean mg/LXmean Usec)lwatershed area in ba) (days per month x 86,400 sec per day)] / 1,000,000 mg per kg
• Total = Sum of nine months for each parameter for each site; ••• Annual = [(kgtha/yr) x watershed area in ha] / 1000 = MgIy -'0
-...J
.. Annual =Extrapolated value =(total /9) x 12 = kgIbaIyr
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Table Fl. Correlation coefficients and P-values for concentration of 11 water quality parameters (mgIL)
versus discharge (Us) at six sites on two streams in Nacogdoches County, Texas.
Pearson Correlation Coefficient (r) / Prob> I rl under Ho: rho = 0
Test P04-P TP N03-N TKN Ca Mg K Na pH DO TSS
IA - M+A Samples -0.009 0.005 0.198 -0.122 -0.626 -0.618 -0.404 -0.656 0.051 0.151 0.670
0.960 0.980 0.240 0.491 0.000 0.000 0.013 0.000 0.767 0.514 0.000
IA-Manual Only 0.007 -0.192 -0.142 0.110 -0.188 -0.125 -0.404 -0.386 -0.106 0.151 -0.191
0.968 0.326 0.438 0.570 0.304 0.494 0.022 0.029 0.564 0.514 0.295
IA -Auto Only 0.771 0.683 0.686 0.627 -0.328 -0.279 0.491 -0.118 -0.558 N/A 0.590
0.127 0.204 0.201 0.258 0.590 0.650 0.401 0.851 0.329 N/A 0.295
IB-M+A 0.312 0.675 0.027 -0.004 -0.760 -0.786 0.118 -0.661 -0.643 0.454 0.708
0.053 0.000 0.870 0.982 0.000 0.000 0.475 0.000 0.000 0.045 0.000
1B -Manual 0.115 -0.096 -0.291 0.003 -0.163 -0.001 -0.466 -0.265 -0.143 0.454 ·0.104
0.516 0.607 0.095 0.987 0.357 0.997 0.006 0.130 0.419 0.045 0.557
1B -Auto 0.527 -0.267 0.063 -0.656 0.390 0.247 -0.011 -0.122 -0.260 N/A -0.024
0.361 0.664 0.920 0.230 0.516 0.689 0.986 0.845 0.672 N/A 0.970
2A-M+A 0.087 -0.049 ·0.216 -0.045 0.703 0.707 -0.065 0.545 0.364 0.523 0.309
0.575 0.762 0.155 0.781 0.000 0.000 0.671 0.000 0.014 0.007 0.039
2A -Manual 0.296 0.065 -0.193 0.053 0.864 0.873 0.070 0.612 -0.060 0.523 -0.089
0.080 0.721 0.259 0.768 0.000 0.000 0.685 0.000 0.727 0.007 0.606
2A -Auto -0.046 -0.604 -0.582 -0.436 0.411 0.434 -0.157 0.578 0.616 N/A -0.167
0.914 0.151 0.100 0.328 0.272 0.243 0.688 0.103 0.077 N/A 0.668
--
P = 0.000 indicates: P < 0.0005
......
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Table Fl. (continued)
--
Pearson Correlation C9~cient (~ob ./ 11under ~o: rho = 0
Test P04-P TP N03-N TKN Ca Mg K Na pH DO TSS
- -
_.-
---
2B - M+A 0.566 0.265 -0.594 -0.104 0.669 0.660 -0.006 0.453 0.271 0.509 0.407
0.000 0.103 0.000 0.525 0.000 0.000 0.968 0.002 0.072 0.011 0.006
2B -Manual 0.320 0.100 -0.677 -0.128 0.828 0.819 -0.094 0.671 0.133 0.509 0.352
0.065 0.593 0.000 0.484 0.000 0.000 0.593 0.000 0.446 0.011 0.041
2B-Auto 0.568 -0.194 -0.546 -0.219 0.503 0.463 0.753 0.261 0.108 N/A -0.287
0.142 0.646 0.103 0.603 0.138 0.178 0.012 0.467 0.767 N/A 0.421
3A- M+A 0.076 0.030 -0.626 0.213 0.678 0.624 0.700 0.533 0.106 0.185 0.612
0.622 0.854 0.000 0.176 0.000 0.000 0.000 0.000 0.496 0.387 0.000
3A-Manual 0.185 -0.065 -0.748 -0.110 0.736 0.709 0.666 0.639 -0.092 0.185 0.792
0.279 0.720 0.000 0.536 0.000 0.000 0.000 0.000 0.594 0.387 0.000
3A -Auto N/A -0.588 -0.2OS 0.354 0.740 0.704 0.414 0.485 0.669 N/A 0.295
N/A 0.125 0.622 0.389 0.036 0.051 0.308 0.224 0.069 N/A 0.478
3B - M+A 0.067 0.437 -0.499 0.049 0.697 0.638 0.002 0.714 0.594 0.412 0.362
0.680 0.005 0.001 0.760 0.000 0.000 0.992 0.000 0.000 0.046 0.018
3B-Manual N/A 0.074 -0.755 -0.070 0.891 0.892 0.026 0.885 0.433 0.412 0.147
N/A 0.693 0.000 0.705 0.000 0.000 0.884 0.000 0.011 0.046 0.407
3B-Auto -0.298 -0.116 -0.369 -0.125 0.868 0.574 0.128 0.983 0.843 N/A -0.413
0.517 0.785 0.368 0.749 0.005 0.137 0.762 0.000 0.004 N/A 0.310
P = 0.000 indicates: P < 0.0005
IV
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Table Fl. (continued)
-
Pearson Correlation CoefficientJ~rob "j rj under Ho: rho = 0
-----
Test P04-P TP N03-N TKN Ca Mg K Na pH DO TSS
All 'A' - M+A -0.006 -0.022 -0.029 0.035 0.609 0.6]8 -0.056 0.206 0.409 0.063 0.419
0.945 0.8]8 0.751 0.710 0.000 0.000 0.533 0.021 0.000 0.606 0.000
All'A' - Manual 0.047 -0.035 0.052 -0.069 0.581 0.613 -0.076 0.056 0.233 0.063 0.399
0.640 0.740 0.600 0.501 0.000 0.000 0.444 0.575 0.017 0.606 0.000
All 'A' - Auto -0.179 -0.324 -0.10] 0.]24 0.659 0.645 0.014 0.590 0.739 N/A -0.001
0.439 0.164 0.655 0.604 0.001 0.001 0.950 0.004 0.000 N/A 0.997
All 'B'- M+A 0.249 0.172 0.093 -0.043 0.474 0.447 -0.115 0.029 0.365 0.125 0.]52
0.006 0.067 0.302 0.644 0.000 0.000 0.200 0.748 0.000 0.310 0.091
All 'B' - Manual 0.033 0.003 0.272 -0.109 0.430 0.441 -0.178 -0.110 0.377 0.125 0.262
0.744 0.974 0.005 0.291 0.000 0.000 0.072 0.271 0.000 0.310 0.008
AlI'B' - Auto 0.148 -0.385 -0.011 -0.162 0.612 0.518 -0.155 0.445 0.549 N/A -0.347
0.533 0.084 0.961 0.472 0.002 0.0] I 0.479 0.033 0.006 N/A 0.105
P =0.000 indicates: P < 0.0005
Iv
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Table F2. Correlation coefficients and P-values for concentration of 11 water quality parameters (mgIL)
versus TSS at six sites on two streams in Nacogdoches County, Texas.
Pearson Correlation Coefficient (r) / Prob > I rl under Ho: rho =0
Test P04-P TP N03-N TKN Ca Mg K Na pH DO Disch
IA - M+A Samples -0.016 0.231 0.283 -0.206 -0.620 -0.695 -0.217 -0.574 -0.468 -0.357 0.670
0.925 0.175 0.077 0.228 0.000 0.000 0.178 0.000 0.002 0.112 0.000
IA -Manual Only -0.025 0.886 0.666 -0.131 -0.418 -0.409 -0.008 -0.247 -0.284 -0.357 -0.191
0.892 0.000 0.000 0.481 0.014 0.016 0.963 0.160 0.103 0.112 0.295
IA -Auto Only 0.354 0.042 0.130 0.355 -0.535 -0.672 0.012 -0.532 -0.945 N/A 0.590
0.491 0.937 0.806 0.558 0.274 0.144 0.982 0.277 0.005 N/A 0.295
IB - M+A 0.022 0.973 0.203 -0.046 -0.647 -0.658 0.606 -0.357 -0.407 -0.365 0.708
0.891 0.000 0.210 0.782 0.000 0.000 0.000 0.024 0.009 0.114 0.000
IB -Manual -0.110 0.165 0.064 0.004 -0.482 -0.524 0.075 -0.308 -0.377 -0.365 -0.104
0.530 0.366 0.716 0.981 0.003 0.001 0.671 0.072 0.026 0.114 0.557
IB -Auto -0.649 0.968 0.912 -0.691 -0.133 0.216 0.972 0.974 0.616 N/A -0.024
0.236 0.007 0.031 0.197 0.831 0.727 0.006 0.005 0.269 N/A 0.970
2A-M+A 0.101 0.410 0.359 0.303 0.099 0.055 0.118 0.304 -0.298 -0.174 0.309
O.SIO 0.006 0.012 0.046 0.502 0.710 0.423 0.036 0.040 0.406 0.039
2A -Manual 0.266 0.597 0.402 0.337 -0.079 -0.089 -0.099 -0.237 -0.051 -0.174 -0.089
0.117 0.000 0.015 0.052 0.647 0.605 0.567 0.164 0.769 0.406 0.606
2A -Auto -0.241 0.476 0.595 0.365 -0.302 -0.377 0.025 -0.500 -0.688 N/A -0.167
0.532 0.165 0.041 0.300 0.341 0.227 0.939 0.098 0.013 N/A 0.668
P =0.000 indicates: P < 0.0005
N
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Table F2. (continued)
---
Pearson Correlation Coefficient (r) / Prob > I rl under Ho: rho = 0
Test P04-P TP N03-N TKN Ca Mg K Na pH DO Disch
2B - M+A 0.301 0.447 0.075 -0.053 -0.060 -0.064 0.046 -0.205 -0.088 -0.160 0.407
0.047 0.003 0.615 0.738 0.686 0.666 0.758 0.162 0.554 0.456 0.006
2B -Manual 0.859 0.728 -0.009 0.000 0.043 0.017 0.274 -0.205 -0.304 -0.160 0.352
0.000 0.000 0.958 0.998 0.808 0.921 0.111 0.237 0.075 0.456 0.041
2B-Auto 0.020 -0.043 0.747 0.010 -0.653 -0.650 -0.092 -0.486 -0.666 N/A -0.287
0.955 0.901 0.003 0.976 0.016 0.016 0.764 0.092 0.013 N/A 0.421
3A- M+A -0.081 -0.145 -0.201 0.269 0.032 -0.016 0.255 -0.219 -0.046 -0.422 0.612
0.588 0.355 0.172 0.078 0.830 0.912 0.080 0.135 0.756 0.040 0.000
3A -Manual -0.067 0.050 -0.386 -0.077 0.287 0.253 0.304 0.155 -0.181 -0.422 0.792
0.698 0.782 0.020 0.664 0.090 0.137 0.071 0.367 0.291 0.040 0.000
3A -Auto -0.306 -0.512 0.085 0.287 -0.349 -0.362 -0.144 -0.462 -0.324 N/A 0.295
0.361 0.130 0.793 0.421 0.267 0.248 0.655 0.130 0.304 N/A 0.478
3B - M+A 0.018 0.154 -0.292 0.141 0.255 0.157 0.018 0.052 0.055 -0.362 0.362
0.908 0.324 0.044 0.360 0.083 0.292 0.906 0.729 0.712 0.082 0.QI8
38 -Manual N/A 0.462 -0.437 0.258 0.066 0.036 -0.1l0 -0.042 0.089 -0.362 0.147
N/A 0.009 0.010 0.155 0.712 0.840 0.538 0.812 0.616 0.082 0.407
38-Auto -0.303 -0.352 -0.214 0.102 0.108 -0.116 0.562 -0.150 -0.415 N/A -0.413
0.339 0.262 0.463 0.753 0.726 0.706 0.045 0.625 0.140 N/A 0.310
--
P =0.000 indicates: P < 0.0005
tv
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Table F2. (continued)
-
Pearson Correlation Coefficient (r) / Prob> l-.1under Ho: rho = 0
Test P04-P TP N03-N TKN Ca Mg K Na pH DO Disch
-
All 'A' - M+A -0.012 0.168 0.024 0.173 0.020 -0.014 0.052 -0.258 -0.117 -0.303 0.419
0.895 0.064 0.784 0.055 0.814 0.871 0.550 0.003 0.175 0.011 0.000
All 'A' - Manual 0.034 0.505 0.062 0.052 0.107 0.078 -0.075 -0.122 0.045 -0.303 0.399
0.727 0.000 0.529 0.612 0.275 0.425 0.444 0.211 0.644 0.011 0.000
All 'A' - Auto -0.034 -0.019 0.129 0.328 -0.280 -0.320 -0.017 -0.395 -0.491 N/A -0.001
0.869 0.927 0.499 0.109 0.133 0.085 0.927 0.031 0.006 N/A 0.997
All'B' - M+A 0.036 0.670 -0.059 -0.023 -0.169 -0.176 0.264 -0.174 -0.302 0.259 0.152
0.684 0.000 0.494 0.798 0.050 0.042 0.002 0.043 0.000 0.033 0.091
AlI'B' - Manual 0.276 0.540 0.059 0.063 -0.007 -0.041 0.003 -0.211 -0.133 -0.259 0.262
0.005 0.000 0.555 0.539 0.944 0.678 0.979 0.032 0.177 0.033 0.008
All 'B' - Auto -0.119 0.577 -0.147 -0.129 -0.437 -0.424 0.87\ -0.212 -0.560 N/A -0.347
0.556 0.001 0.423 0.513 0.0\4 0.017 0.000 0.253 0.001 N/A 0.105
P =0.000 indicates: P < 0.0005
tv
o
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Table F3. Correlation coefficients and P-values for losses of 11 water quality parameters (mglha/sec)
versus discharge at six sites on two streams in Nacogdoches County, Texas.
Pearson Correlation Coefficient (r) / Prob > I rl under Ho: rho =0
Test P04-P TP N03-N TKN Ca Mg K Na pH 00 TSS
IA - M+A Samples 0.344 0.662 0.807 0.039 0.977 0.974 0.971 0.964 0.051 0.151 0.871
0.040 0.000 0.000 0.825 0.000 0.000 0.000 0.000 0.767 0.514 0.000
IA -Manual Only 0.186 -0.079 0.548 0.367 0.987 0.988 0.906 0.970 -0.106 0.151 -0.045
0.315 0.690 0.001 0.050 0.000 0.000 0.000 0.000 0.564 0.514 0.806
IA -Auto Only 0.815 0.804 0.792 0.727 0.954 0.935 0.969 0.926 -0.558 N/A 0.939
0.093 0.101 0.110 0.164 0.012 0.020 0.007 0.024 0.329 N/A 0.018
IB - M+A 0.872 0.769 0.818 0.626 0.895 0.845 0.803 0.815 0.643 0.454 0.750
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.045 0.000
IB-Manual 0.653 0.486 0.673 0.310 0.992 0.992 0.976 0.990 -0.143 0.454 0.696
0.000 0.006 0.000 0.084 0.000 0.000 0.000 0.000 0.419 0.045 0.000
IB -Auto 0.685 0.159 0.338 -0.058 0.800 0.812 0.275 0.323 -0.260 N/A 0.230
0.202 0.799 0.578 0.927 0.104 0.095 0.654 0.596 0.672 N/A 0.710
2A- M+A 0.273 0.704 0.827 0.321 0.965 0.956 0.941 0.980 0.364 0.523 0.804
0.073 0.000 0.000 0.041 0.000 0.000 0.000 0.000 0.014 0.007 0.000
2A -Manual 0.366 0.451 0.564 0.463 0.954 0.941 0.800 0.972 -0.060 0.523 0.580
0.028 0.009 0.000 0.006 0.000 0.000 0.000 0.000 0.727 0.007 0.000
2A-Auto 0.423 0.757 0.806 -0.169 0.935 0.921 0.976 0.965 0.616 N/A 0.805
0.297 0.049 0.009 0.717 0.000 0.000 0.000 0.000 0.077 N/A 0.009
P =0.000 indicates: P <0.0005
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Table F3. (continued)
.. _---
Pearson Correlation Coefficient (r) / PrQb~ I rl Wlder Ho: rho = 0
--
Test P04-P TP N03-N TKN Ca
_MJt K Na pH DO TSS
-- --
2B- M+A 0.829 0.607 0.782 0.520 0.925 0.906 0.937 0.931 0.271 0.509 0.616
0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.072 0.01 I 0.000
28 -Manual 0.765 0.653 0.859 0.462 0.933 0.912 0.890 0.957 0.133 0.509 0.578
0.000 0.000 0.000 0.008 0.000 0.000 0.000 0.000 0.446 0.011 0.000
2B -Auto 0.870 0.267 0.280 0.111 0.893 0.868 0.946 0.855 0.108 N/A 0.208
0.005 0.522 0.434 0.793 0.001 0.001 0.000 0.002 0.767 N/A 0.564
3A-M+A 0.400 0.694 0.746 0.553 0.927 0.899 0.955 0.960 0.106 0.185 0.754
0.007 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.496 0.387 0.000
3A-Manual 0.423 0.821 0.955 0.667 0.956 0.939 0.989 0.969 -0.092 0.185 0.846
0.010 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.594 0.387 0.000
3A -Auto 0.999 -0.017 0.369 0.549 0.915 0.887 0.869 0.930 0.669 N/A 0.526
0.000 0.968 0.369 0.158 0.002 0.003 0.005 0.001 0.069 N/A 0.180
3B - M+A 0.936 0.757 0.895 0.305 0.963 0.940 0.606 0.978 0.594 0.412 0.607
0.000 0.000 0.000 0.053 0.000 0.000 0.000 0.000 0.000 0.046 0.000
3B -Manual 0.965 0.453 0.741 0.180 0.938 0.923 0.274 0.963 0.433 0.412 0.609
0.000 0.011 0.000 0.325 0.000 0.000 0.117 0.000 0.011 0.046 0.000
3B -Auto 0.845 0.458 0.801 0.070 0.985 0.957 0.993 0.988 0.843 N/A 0.141
0.017 0.254 0.017 0.858 0.000 0.000 0.000 0.000 0.004 N/A 0.738
P =0.000 indicates: P < 0.0005
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Table F3. (continued)
_._-
Pearson Correlation Coefficient Q1.iYr~ __
._.
---
Test P04-P TP N03-N TKN Ca Mg K Na pH DO TSS
-_._-
---
AIl 'A' - M+A 0.130 0.389 0.531 0.347 0.904 0.888 0.678 0.813 0.409 0.063 0.623
0.150 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.606 0.000
All 'A' - Manual 0.161 0.273 0.731 0.143 0.868 0.852 0.530 0.663 0.233 0.063 0.677
0.104 0.008 0.000 0.161 0.000 0.000 0.000 0.000 0.017 0.606 0.000
All 'A' - Auto -0.095 0.072 0.117 0.245 0.866 0.845 0.497 0.759 0.739 N/A 0.331
0.683 0.763 0.604 0.298 0.000 0.000 0.019 0.000 0.000 N/A 0.133
A1I'B' - M+A 0.246 0.107 0.448 0.167 0.674 0.668 0.148 0.418 0.365 0.125 0.085
0.007 0.256 0.000 0.071 0.000 0.000 0.098 0.000 0.000 0.310 0.347
All 'B' - Manual 0.094 0.219 0.818 0.042 0.430 0.407 0.064 0.206 0.377 0.125 0.397
0.351 0.035 0.000 0.683 0.000 0.000 0.522 0.037 0.000 0.310 0.000
All 'B' - Auto -0.125 -0.326 -0.070 -0.249 0.494 0.538 -0.239 0.075 0.549 N/A -0.291
0.599 0.149 0.753 0.265 0.017 0.008 0.272 0.734 0.006 N/A 0.178
.-
_.._--
------
P = 0.000 indicates: P < 0.0005
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Table F4. Correlation coefficients and P-values for losses of II water quality parameters (mg/ha/sec)
versus TSS at six sites on two streams in Nacogdoches County, Texas.
Pearson Correlation Coefficient (r) / Prob21~der Ho: rho =0
Test P04-P TP N03-N TKN Ca Mg K Na pH DO Disch
--
.- - -_.-
-
\ A - M+A Samples 0.299 0.810 0.848 -0.096 0.764 0.757 0.873 0.749 0.015 -0.307 0.871
0.077 0.000 0.000 0.589 0.000 0.000 0.000 0.000 0.931 0.176 0.000
IA -Manual Only -0.012 0.810 0.458 -0.121 -0.099 -0.099 -0.087 -0.118 -0.330 -0.306 -0.045
0.947 0.000 0.008 0.531 0.592 0.589 0.638 0.520 0.065 0.\76 0.806
1A -Auto Only 0.762 0.834 0.764 0.720 0.820 0.795 0.911 0.776 -0.797 N/A 0.939
0.135 0.079 0.133 0.170 0.089 0.108 0.032 0.123 0.107 N/A 0.018
IB - M+A 0.429 0.996 0.950 0.128 0.547 0.545 0.978 0.87\ -0.395 0.053 0.750
0.007 0.000 0.000 0.452 0.000 0.000 0.000 0.000 0.013 0.825 0.000
IB -Manual 0.352 0.294 0.687 0.289 0.661 0.672 0.694 0.669 -0.301 0.053 0.696
0.041 0.108 0.000 0.\08 0.000 0.000 0.000 0.000 0.084 0.825 0.000
IB -Auto -0.419 0.997 0.881 -0.859 -0.017 0.196 0.963 0.966 0.594 N/A 0.230
0.482 0.000 0.048 0.062 0.978 0.752 0.009 0.008 0.291 NlA 0.710
2A- M+A 0.186 0.605 0.755 0.325 0.787 0.773 0.827 0.799 0.203 -0.067 0.804
0.227 0.000 0.000 0.038 0.000 0.000 0.000 0.000 0.180 0.750 0.000
2A -Manual 0.927 0.95\ 0.957 0.924 0.488 0.468 0.773 0.491 -0.325 -0.067 0.580
0.000 0.000 0.000 0.000 0.003 0.004 0.000 0.002 0.053 0.750 0.000
2A-Auto 0.232 0.590 0.840 0.021 0.745 0.722 0.878 0.772 0.136 N/A 0.805
0.580 0.164 0.005 0.964 0.021 0.Q28 0.002 om 5 0.727 N/A 0.009
P =0.000 indicates: P < 0.0005
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Table F4. (continued)
- -
Pearson Correlation Coeffic~ent (r) / Prob > l r:l ~der Ho: rho = 0
--
Test P04-P TP N03-N TKN Ca -~ K Na pH DO Disch
- -- --
-
2B - M+A 0.375 0.507 0.819 0.555 0.401 0.373 0.551 0.451 -0.048 -0.01 I 0.616
0.016 0.001 0.000 0.000 0.007 0.013 0.000 0.002 0.756 0.959 0.000
2B -Manual 0.967 0.953 0.743 0.731 0.373 0.339 0.856 0.394 -0.347 -0.011 0.578
0.000 0.000 0.000 0.000 0.030 0.050 0.000 0.021 0.045 0.959 0.000
2B -Auto -0.044 0.052 0.718 0.219 -0.060 -0.088 0.164 -0.013 0.662 N/A 0.208
0.918 0.904 0.019 0.603 0.869 0.810 0.650 0.97\ 0.037 N/A 0.564
3A - M+A 0.173 0.364 0.882 0.830 0.591 0.555 0.687 0.635 0.021 -0.282 0.754
0.260 0.019 0.000 0.000 0.000 0.000 0.000 0.000 0.890 0.182 0.000
3A-Manual 0.160 0.799 0.739 0.656 0.790 0.759 0.875 0.762 -0.163 -0.282 0.846
0.353 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.342 0.182 0.000
3A -Auto 0.527 -0.580 0.895 0.912 0.228 0.198 0.300 0.320 0.183 N/A 0.526
0.179 0.132 0.003 0.002 0.587 0.638 0.470 0.440 0.664 N/A 0.180
3B - M+A 0.599 0.899 0.689 0.288 0.486 0.425 0.358 0.488 0.237 -0.104 0.607
0.000 0.000 0.000 0.072 0.001 0.005 0.020 0.001 0.130 0.629 0.000
3B -Manual 0.578 0.730 0.146 0.386 0.505 0.484 0.082 0.510 0.257 -0.104 0.609
0.000 0.000 0.410 0.029 0.002 0.004 0.645 0.002 0.142 0.629 0.000
3B -Auto -0.189 0.782 0.305 -0.020 0.069 -0.064 0.147 0.043 -0.009 N/A 0.141
0.685 0.022 0.463 0.962 0.872 0.881 0.728 0.919 0.984 N/A 0.738
P =0.000 indicates: P < 0.0005
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Table F4. (continued)
------- --_.- _.-
Pearson Correlation Coe.fficient (r) / Prob > I rl u!1der Ho: rho = 0
Test P04-P TP N03-N TKN Ca Mg K Na pH DO Disch
All 'A' - M+A 0.174 0.496 0.767 0.531 0.574 0.554 0.701 0.596 0.069 -0.135 0.623
0.053 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.444 0.266 0.000
All 'A' - Manual 0.085 0.285 0.601 0.147 0.615 0.589 0.505 0.453 -0.032 -0.135 0.677
0.391 0.005 0.000 0.151 0.000 0.000 0.000 0.000 0.744 0.266 0.000
AU 'A' - Auto 0.305 0.277 o.no 0.574 0.300 0.281 0.585 0.378 -0.135 N/A 0331
0.179 0.237 0.000 0.008 0.176 0.205 0.004 0.083 0.548 N/A 0.133
AU'B' - M+A 0.452 0.995 0.855 0.166 0.385 0.359 0.970 0.771 -0.339 0.029 0.085
0.000 0.000 0.000 0.074 0.000 0.000 0.000 0.000 0.000 0.818 0.347
All 'B' - Manual 0.426 0.635 0.299 0.357 0.469 0.456 0.453 0.449 -0.198 0.029 0.397
0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.047 0.818 0.000
All 'B' - Auto 0348 0.996 0.891 0.015 0.307 0.289 0.979 0.886 -0.559 N/A -0.29\
0.133 0.000 0.000 0.950 0.154 0.181 0.000 0.000 0.006 N/A 0.178
P = 0.000 indicates: P < 0.0005
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